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ITJTEODUCTION 
m recent years biologists have examined physiologic characters of 
vertebrates as related to their evolutionary slpiiflcance. As a result 
of these investigations, homologous as irell as analogous physlolo^cal 
and biochemical characteristics have been found irhich^ in some cases, 
have been as striking as the morpholosical fijidings of comparative 
anatomists. Therefore, in order to some understanding of a basic 
process such as reproduction, it is necessary to study the fundamental 
biological unit, the cell, m the investigation presented here, the 
various tissues of the testes of different vertebrates have boon 
examined as to the morpholof^cal dlstrlbtxtion of their lipid and carbo­
hydrate components. Throu^ a hlstoohcmlcal approach the characteristics 
of an ornan can be related to its structure and composition which crther-
"nise might not be realized in studies employing only cytolof^Lcal, histo­
logical, physiological, and biochemical procedures. 
m order to demonstrate the lipids present in the vertebrate tissues 
examined, the follonlng methods irere usedt Sudan blade B, oil rod o> the 
Ashbel-Sellgman reaction, the Schulta method for cholesterol, polarization 
mlcroacoi^ after dlgltonin treatment, and Baker*s acid homatln tost for 
phospholipids. For the localization of periodic acid-reactive carbo­
hydrates, the staining technique was the periodic acld-Schlff method. 
The nature and purpose of this investigation is threefold. First, 
to present an adequate conception of the hlstochemical morphology of 
2 
the testis and spermatogenesis In various classes of a major subphylumj 
secondly, to make a comparison of testicular morpholofy and function by 
histochemical investigations in various species in order to ascertain 
siiailarity as -nell as dissimilarity} and thirdly, to trace the course 
of evolution of testicular function in the classes studied. 
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REVIEW OF LITERATURE 
Lipids 
Definition 
lipids are important constituents of cells. For this reason numerous 
investigations have been carried out either through chonical analyses or 
histochemical observations in order to determine quantitatively the lipid 
content or to localise this material irithin tissues cr cells. Therefore^ 
it becaaes necessary first to define the term "lipid." 
According to Whitehead and Kay (1950), various words have boon used 
to denote fatty substances as a group. Those include: fat, lipoid, 
lipid, lipide, and lipin. When those tezms irero used in thoir most 
restricted sense, the irord "fat" indicated neutral fats only, and the 
texm "lipoids" was applied to fatty substances other than neutral fats. 
These authors stated further that when using this tezminology in refez^ 
ence to tissue sections "fats" usually indicated sudanophil substancos 
and "lipoids" denoted sudanophil material that contained cholesterol. 
According to LLUie (I9I18), the property of staining with Sudans III or 
17 has generally come to be designated "sudanophilia." 
m this literature review the term "lipid" will be used in the same 
sense that "lipoid" was employed by Overton (19(XL), UacLoan and Uaclfian 
(I927), Baker (I9I46), and Cain (1950). Therefore, according to Baker 
(I9U6), lipoids would refer to fats and all substances which resemble 
fats in solubility that occur in both plants and animals. Cain (1950) 
h 
used the same terminology in denoting all substances -nhich could be 
extracted from tissue by the usual fat solvents, and nhich behaved as 
colloids. Macl/san and UacLean (1927) applied the term in reference to 
ether-soluble substances caily. Overton (1901) shared their concept of 
tl» tem "lipoid." 
Cain (1950) stated tiiat all naturally occurring lipoids belonged to 
one of three main groups. These irere composed ofs (1) non-cyclic, usually 
stral^t-chain hydrocarbon derivatives} (2) the steroids} and (3) deriva^ 
tives of isoprene, for example, terpenes and the carotenoids. 
The substances described as fats, iraxes and oils iroro the reneral 
constituents of group (1). The neutral fats irero the esters of plycerol 
and fatty acids and constituted the chief stores of food of most animals. 
The waxes trore esters of aliphatic alcohols other than glycerol with fatty 
acids. An important aldehyde-containing group in the first division was 
the substance known as "plasmal," which was freed from the lipoid mixture 
"plasmulogen" and aided in the histocheoioal idontifloation of the latter. 
Cain included a subgroup under group (1) and these compounds contained 
nitrofien and, ixi some oases, phosphorus. This subgroup included tho 
phosphollpoids (lecithins, cephalins, and sphingomyelins), the galactolipines, 
and some of the chroBolipoids. 
According to Cain (1950) group (2) included cholesterol, tho vitamin 
D's and their precursors, and the hozmones of the gonads, corpus luteum, 
and the adrenal cortex. The parent compound was perhydro-cyclopenteno-
phenanthrene. 
The same author included in group (3) of the lipoids those which were 
the derivatives of isoprene. This parent substance is not foxind in animals. 
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The terponesf of great iji^rtance in plants, also Tiere placed into this 
category. Tezpenes present in animals include squalene, in sane selachian 
livers, and the tidterpene alcohol, lanosterol, which is present in wool 
fat. No reports of histochenical studios of animal terpenes were found by 
Cain (1950). 
Qanori (1952B, p. 92), in his bode entitled Microscopic Histochemistry, 
presented a general classification of lipids which included (xily those which 
were likely to be fovmd within noxmal and pathological tissues of man and 
the conanon laboratory animals. This author*s classification was as foUoirss 
A. Paraffins (petrolatum). 
B. Isoprene derivatives (carotenoids)• This group includes 
carotene, vitamin A, visual purple, and scxne of the pig­
ments of crustaceans. 
C. Fatty acids and their derivatives. 
a^ Fatty acids. 
b) Soaps, especially those of Ca. Although soaps are insol­
uble in fat solvents, they are included in this group 
for reasons of close chemical relationship. 
c) Triglycerids (neutral fats). 
d) Waxes (lon(?-ohained alcohol esters of fatty acids). 
e) niosi^tids. 
1. lecithins (glycerine estorified with 2 molecules 
of fatty aoid and 1 molecule of phosphorylcholine). 
2. Cephalins (^ycerine esterifiod with 2 molecules 
of fatty acid and 1 molecule of eithor phosphoryl-
colomine or phosphoxylserine). Lipositol is a 
coDplioated cephkliiv-like substance with inositol as 
an additional component. 
3* Plaamalogens (glycerophosphorylcolamine (or choline) 
in a cyclic acetal liiskage with 1 molecule of fatty 
aldehyde). 
U* Sphingcrayelln (sphlngosine esterified with 1 molecule 
of phosphorylcholine and in acylomide linkage with 
1 molecule of fatty acid). 
f) Cerebrosides. Sphlngosine galactoside or glycoside in 
acylamlde linkage with 1 molecule of fatty aoid 
(exampleat kerasin, phrenosln) are the simplest repre­
sentatives of this group} there are also more complicated 
ones containing several units of various sugars and un­
identified amino acid cooponents. A special group of 
cerebrosides contains jullurlo acid. 
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0. Lipid peroxides. 
E* Stci'oids. 
a) Cholesterol. 
b) Cholesterol esters. 
c) Steroid honaones. 
F. Qroup of chemically unidentified lipid pigments. These 
substances <^pear to be complicated pol^erization products 
of unsaturated fatty acids. Their soli^ility in lipid 
solvents is variable; sane of thea will resist even 
embedding in paraffin. 
Histoohcmistry of fats and lipids 
According to IdUie (19U8) one of the oldest methods for the demon­
stration of fatty substances in tissue sections was the reduction of 
osmium tetrooxlde (ccomonly miscalled osnic acid). Baker (19^0) stated 
that osBiium tetraoxide was said to have been used in 18U9> but that Max 
Schultze (16^) introduced it into cytological methods in an investi­
gation of the liaainous organs of the glowvonn. Schultse and Rudneff (1665) 
noted its capacity to undergo reduction by animal nerves and fats. Oaoium 
tetraoxide was reduced to a black substance in the presence of fats and 
fatty acldsi as noil as by eleidin and tannin. I^elln was also blackened 
by osmium tetraoxide (UJLlle, 19li8). In general this substance has not 
beon considered specifio> but it does have acne value in assisting in the 
idenfcification of fat-like substances. 
Hoerr (1936) reported that, for a study of osmicated lipina, his 
method consisted of fixing tissue in formal-Zenkeris or Regaud's fluid} 
which he found the most favorable fixative^ and then mordanting in 2 per 
cent osmium tetraoxide for varying periods. He stated that lipids could 
reduce osmic acid to a degree, and that thoy in txim were oxidized and 
became insoliible In lipid solvents. If the osmlcatlon period was extensive. 
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the lipid could once more become soluble. Therefore^ according to this 
investigator^ the time of osmication was highly important, m addition, 
Hoerr pointed out that osmium tetraoocide could undergo reduction by other 
reducing substancos in the tissue, and that it could migrate secondarily 
and be adsorbed onto a suitable surface. 
Lillie (19U8) felt that the oil-solxible dye methods irere the most 
satisfactory ways for the demonstration of fatty substances. DaddL (1896) 
introduced Sudan III for histological purposes. Uichaolis (1901) brought 
into use Sudan IV or Scharlach R. Another excellent stain for fatty sub­
stancos is Sudan black B irhich, according to T/hitohead and Kay (19^0), was 
introduced by lAson (193lt). These authors stated that Sudan stains color 
fat by dissolving in it and this process involves the passar:o of the dye 
from a solvent, alcohol, into the fat in which it is more soluble. little 
is known concerning the factors which might influence this transfer. 
Daddies original method (I896) employed a saturated solution of Sudan 
ni in 70 per cent alcohol. ULllie (lSlt8) stated that this technique 
required a half hour for staining and dissolved out appreciable amounts of 
fat. Herxheinttr's technique (1903) used a saturated solution of Sudan IV 
in equal mixtures of acetone and 70 per cent alcohol. Nevertheless, 
according to LLUie and Aahbum (19U3) and Lillie (19lt8) it also removed 
considerable amounts of the fat present in the tissues. 
lillie and Ashbum (19U3)J in order to avoid the fat loss associated 
with the Herxheimer method, developed the technique of using a saturated 
solution of Sudan IV, oil red UB, or Sudan brown in 99 per cent isopropyl 
alcohol. For staining, this stodc solution was diluted to a final 
concentration of 50 or 60 per cent with isopropanol. Frozen sections 
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were stained for 5 to 10 minutes and countorstained in alum hematoxylin 
containing 2 per cent acetic acid. French (1926) reported that oil red 0 
ttaa superior to Sudan III when used in the Herxhelmcr technique, oil red 
0 was found to be an excellent fat stain in the LLUie-Ashbum technique 
(Lilliei 19U1(). This author pointed out that oil red Ub and Sudan red liB 
exhibited a sonewhat deeper orange-red or red fat stain than Sudan iv. Sudan 
II gave a more intense oranf^-yellow fat stain and was stable longer in 
dilute isopropanol solutions than Sudan III* 
Sudan brown, Sudan brown and oil brown D were, according to Lillie 
(l^hU), satisfactory broimish-red dyes with regard to their intensity and 
the stability of thoir dilute isopropanol solutions. Lillie (19lj5a) 
developed two now fat stains, Carycinel red and Coccinol red. lillie felt 
they gave excellent deep red and deep orange-red colorations in staining 
periods of 10 to 20 minutes. This author used bO per cent isopropanol as 
a solvent for these stains. LLllie (19lt5b), using a UO por cent isopropanol 
solution, found that oil blue N or NA produced a deep blue coloration with 
fats. 
Popper (19til) has demonstrated the presence of fats in tissues by 
means of fluorescence. A green fluorescence is produced by vitamin A-
oontainLng fats. It is possible, therefore, to differentiate between 
fats that carry the vitamin and those which are free of it. 
Lillie (19U8) recooanonded the use of polarized light for lipid deter­
minations. Neutral fats, when examined in the dark field by crossing the 
Nicol prisms, remained dark. However, cholesterol esters, phosi^olipids, 
and cerebrosldes if present appeared as luminous quadrants. This 
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investigator suRgestod that sections showing these crystals be compared 
•with paraffin sections after treatment with fat solvents. These crystals 
nay be regarded as lipid in natxire if they are absent fran sections follow­
ing such a procedure. According to Prickett and Stevens (1939)* polarized 
light may be used for the study of nyelin changes. They found that these 
alterations could be demonstrated much earlier by this method than by 
either the Uarchi or Sudan III technique. 
In 192b Schxilts developed a method which would definitely identify 
cholesterol and^ according to LLUie (19li8), iras an adaptation to histology 
of the LLebermann-Burchardt sterol ztsaction. Whitehead and Kay (19^0) 
stated that the technique of Schultz (I92I4) constituted a specific method 
for steroids* m addition, Lillie (19li8) wrote that cholostorol and 
cholesterol estera reacted with this method. The Windaus digitonin precipi­
tation (Lillie, I9I18) was classified as another method for free sterols. 
According to Lillie, foxmalln-fixod tissues wore cut as frozen sections 
and placed in a 0.5 por cent solution of digitonin in $0 por cent alcohol. 
After being rinsed in 50 per cent alcohol, part of the sections were cotinter-
atained with hematoxylin, Sudan IV, or oil red 0. Then all the sections 
wore mounted in (^ycerol. Polarized ll{]ht irith crossed Nicol prisms was 
used to examine the uncounterstained tissues. If needles or rosettes were 
observed it was ooncludod that cholesterol digitonidea had been formed. 
m the counterstained slides, the cholesterol canpound remained doubly 
refraotile and did not stain, irhereaa the cholesterol ester was colored by 
the dye and had lost its birefringence. 
Some fatty substances such as lipofuscin, pigments, lutein, Ciaccio's 
lipoids, unsaturated fata, and myelina were resistant to extraction by 
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alcohol^ acetone, benzene, and other similar fat solvents and thus they 
could be demonstrated in paraffin sections irith oil-soluble dyes (IdLllie, 
19U8). Some of these substances required chromate treatment in order to 
render them resistant to fat solvents, vrhereas others needed only formalde­
hyde fixation. Ciaccio's method (Ciaccio, 1909) needed both formaldehyde 
and chromate treatment of fresh or foimalin-fixed material. After paraffin 
embedding, sections Troro stained in a supersaturated solution of Sudan III 
or IV, counterstaincd, and mounted in Rum syrup. 
According to Baker (19h6), in the Smith-Dietrich tost the tissues 
"wero fixed in formaldehyde and frozen sections wore prepared. This *as 
foHoned by treatment with Kultschitzky's haematoxylin and difforontiation 
Tdth Weicert's borax-forricyanido. The mountia^: medium iras levulose 
syrup. Howevor, Baker felt that the Smith-Dietrich test haJ three draw­
backs t (1) it gave a negative tost Tdth pure lecithin; (2) it was not 
sensitive enough to show lipin in small coll inclaslons} and (3) by 
variation of the differentiation time, positive and negative results could 
be obtained with the same object. Balor (19^6} presented two new histo-
chemical methodst The acid-hematln and the pyridlne-extractlon procedure. 
The former gave a positive test for lecithin and was more sensitive. The 
acid-hematln test presented positive results with both llpinos and also 
certain proteins. Therefore, a pyridlne-extraction test was carried out 
to differentiate between the two croups of substances. 
Baker (19i4lt) presented a new method knonn as tho formal-Sudan black 
technique. The tissues were fixed in an aqueous formalin and calcium 
chloride mixture. As a lipoid stain, Baker selected Sudan black B in 
preference to Sudan III or IV because of its greater solubility in lipoids 
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other than triglycerides. Ho used a saturated soltrtion in 70 per cent 
alcohol and counterstaincd in Meyer's camalum. The tissues were mounted 
in levuUose syrup or glycerine jelly. 
According to Herman (19^0), plasmalogens wore demonstrated by the 
plasmal reaction of Feulgen and Voit. This method required treatment of 
sections with k/IO mercuric chloride and stainine in leuco-fuchsin. 
Following this treatment the tissues were transferred to a reducing 
solution consisting of 1 nomal hydrochloric aoidj 10 per cent potassium 
metabisulfite, and distilled water. The sections were then washed and 
moxmted in glycerol or glycerine Jolly. 
Hack (1952) developed a hlstochemical technique for detection of 
plasmal in sections prepared from frozen-drlod tissues which had been 
infiltrated by polyethylene glycol. According to this author the cellvilar 
localization of plasmalogen and neutral fats was preserved. 
lorraln Smith (1908) introduced Nile blue into histological technique 
as a method for distinguishing neutral fats (triglycerides) and fatty acida 
from other lipoids. This method has been considered by some to bo of no 
hlstochemical valuo until Cain (19U7) reinvestigated the method and con­
cluded that Mile blue could be used to distinguish neutral lipoids (esters 
and hydrocarbons) from acidic lipoids (phospholipines and fatty acids). 
FurthexTU)ro> he stated that cholesterol could not be detected with this 
technique. 
lApids in vertebrate testes 
Lsydlg (1850) was the first to describe the presence of oharacterlstic 
cells among the seminiferous tubules of the testis. These cells later 
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became known aa the Leydig or interstitial cells. leydig observed that 
there irere present in the intertubular spaces masses of cells containing 
either colorless or yellowish fatty globtiles that were unchanged by acetic 
acid. 
According to Hanes (1911) $ KoUiker completed a careful histological 
study of the Leydig cells in 185U and observed the presence of round cells 
containing vacuoles, fat, and pi^ent granules. Furtheznore, Hanes (1911) 
reported that fat was a variable constituent of the interstitial cells, 
thou{^ rarely was it entirely absent. It was present in relatively large 
amounts in the Leyclig colls of himian beings, dogs, and cats} however, in 
the interstitial cells of the pig, fat droplets were usually scanty. 
m 1902 Ganfini published an investigation on the structure and func­
tion of the interstitial cella of the testis, noting the presence of these 
cells in all vertebrates irith the exception of the fish and some amphibians. 
He stated that, as the species ascended the evolutionary zoological scale, 
the interstitial cella tended to become individual or to differentiate 
from the other elements of the testis. This author carriod out his exteiv* 
sive work on fish, urodela, anura, reptiles, birds, and mammals, including 
man. Oonfinl (1902) considered the interstitial cells of the testis aa 
true {^and elements of which the moat important secreted products were 
gratiuloa which reduced osmium and were poured through the lymph into the 
blood. 
Loiael (1903) suggested that the internal secretion of the teatia 
was llpoidal in nature. Re atudied fat diatributlon in the testis of the 
dog, cat, bat, horse, rabbit, and rat. m the adult horse, Lolsel found 
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excessive dLaboration of neuti^ fats. There nas an active production of 
lipids in the interstitial cells as well as in the seminiferous epithelium 
of this species. This was almost the same condition as those observed in 
the rabbitf rat, and dog with variations in tho quantity of fat elaborated. 
According to Bouin and Ancel (1903a, 1903b), the interstitial cells in 
the testes of various mamnals studied presented the cytological charac­
teristics of glandular clomonts. These characters included the structure 
of the nucleus; the presence of numerous secretory products such as 
globules and granules, fats, pigments, as well as crystalloids} and, in 
addition, the existence of a secretory cycle. 
Clacclo (1909) carried out llpoldal studies on mammals and amphibiana. 
Using the Clacclo method he localized abundant fat In the Sertoli colls of 
the toad. The spermatogonia showed on endoplasa which was stained and 
thereby Indicated a fatty stibstance which dem(»istrated only a few line 
lipid granules. He reported t}mt in various classes of vertebrates many 
germinal cells presented numerous lipid granules and globules, which were 
particularly abundant during tho period of active brooding. More recently, 
Uanclnl and Burgos (I9I48), using Sudan III, obtained a positive llpoldal 
reaction in the interstltlum of the toad testicle, m addition, Slulter, 
van Oordt, and Ulghorst (1950) reported interstitial cells with many lipoid 
droplets and mitochondria In the frog, Rana esctilanta. 
According to Whitehead (I90U), no fat was demonstrable with osmic 
acid or Sudan III In the Laydlg cells of pig embryos shorter than lU 
centimeters* After this stage It was found in the shape of minute droplets 
situated In the cytoplasm near the nucleus. However, Whithead (1905) later 
suggested the possibility that the Leydig cells eli^orated a spedflc 
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pabulum for the tubules during the development of the testis. 
m a later publication. Whitehead (1908) studied the interstitial 
cells in the rat, grey sqxiirrel, rabbit, opossum, dog, cat, bull, sheep, 
pig, and man. Osraic acid and oil red 0 trere again employed as the staining 
agents. Frozen sections of fresh material or of tissue fixed in fomalin 
were used. It was found that fat was not localized in the Leydig cells 
in s\Lfficient amounts to justify the conclusion that they irore simply 
adipose cells, and in some animals little or no fat iras present. White­
head (1908) pointed out that the histogenesis and arrangement of these 
cells, their rich blood supply, conformation, and content of specific 
granules strongly supported the view that they were of a glandular 
nature. 
Ythitehead (1912a), using Ciaccio's method, carried out a study of the 
lipid ill the interstitial cells of the oat testis. Ho indicated that the 
fatty globules of the Leydig cells consisted, for the most part, of 
phosphatid lipoid material but that cholesterol ester and neutral fat 
were also present. 
Hanes and Rosehbloom (1911), working on normal and cryptorchid testes 
of the pig, found that by the use of Sudan III or osmic acid largo drop­
lets of fat were constantly present in the basal portion of the Sertoli 
cells. The large droplets responded to all tests for neutral fats. 
During the spermatogenic process, however, these droplets were broken into 
smaller ones and passed to the central portion of the Sertoli cells. The 
small droplets eventually ended in the speznatids. At this stage the 
spermatid fat failed to stain with osmic acid, but responded to Sudan III. 
The authors thus concluded that the fat droplets had vindergone some type 
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I of chcmical change from a neutral fat to a lipoid. In addition. Whitehead 
(1912b), in an investigation of the Leydlg cells, concluded that the 
granules in the interstitial cells of the pig, and probably of the cat, 
consisted of a combination, either physical or loosely chemical, of protein 
•»rith fatty substance. 
Loisel (I90I1) reported two types of epithelial-like interstitial 
cells in the testicle of the fowl. One of these types el£^orated dark 
Insoluble pigments in contrast to the soluble pl^nents seen in other 
interstitial cells. 
Boring (1912) did not believe that the fat in the chicken testis was 
formed by the interstitial tissue, but ttiought it was brought there by 
clroulation and deposited. She felt that "interstitial cells," in the sense 
that this term had previously been used, were absent from tho testis of 
the domostlo chicken. Furtheraore, Boring (1912) found no evidence that 
an internal secretion of any kind was f omed by any of tho cells of the 
intenrbltlal tissue. 
Poarl and Boring (1912) fed Sudan III to chicks and adult fowls and 
noted that a portion of tho metabolized fat from tho food was transported 
to tlie ovaxy or testis and deposited in the interstitial tissue of these 
organs. These investlgatozis were of the opinion that the amount of such 
deposited fat appealed to be sufficient to account for the greater 
portion, if not all, of the fat, which was observed by histological 
methods, in the interstitial tissue of the sex organs. However, Pearl 
and Boring (1912) did not feel that deposition of fat in the gonads, as 
stated above, had any relationship to the functional sexual activity of 
i 
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these organs. According to these authors, fat deposition in the sex 
organs began at the time of hatching, nhereas sexual activation of tl» 
testis and ovary did not begin for several -weeks. 
Nbnidez (192li) also fed young chicks Sudan III and found remnants 
of the sexual cords in tho Juvenile testes of the cockerels. These cords 
appeared as clusters of cells heavily laden with fat nhich persisted 
unchanged from hatching to puberty. 
Reeves (1915)> using Sudan III, found c^undant lipid in the inter­
stitial cells of 3-month old cocks. Also, fat iras free in the inter-
tubular tissue and a anall amo\int tras observed in tho tubulos. However, 
Reevos reported that loss fat was vlsiblo in ddor testes and Leydlg cells. 
Nevertheless, Boring and Pearl (1917)» oontiniiing their studios of the 
reproductive organs of tho chicken, pointed out that the characteristic, 
true intorstitial cells wore mither a necessary nor a constant olemont 
in the constitution of tho testes of the male domestic fowl. According 
to these authors, intorstitial colls could be, and usually wore, totally 
absent from the testes of males over 6 months of age and of full sexual 
matxirity. 
Bonolt (1922), investigating pubertal dcanosrtic cooks, reported much 
fat which was reduced by osmic acid In the interstitial cells. However, 
towards the end of puberty, thero was a definite and profound cytologLcal 
modification and the Interstitial cells took on the aspect of typical 
glandular cells with rich ohondriotnes and a fuchslnophlle socretion. 
This type of structure, according to Bonolt, was present during tho sexual 
life of the bird. 
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Benoit and Wenslair (1929) investigated the chemical nat\ire of the 
fat substances in the interstitial cells of the rooster testis. They 
reported that these cells rrere not anisotropic under the polarizing 
microscope; however) the TTindaus-Schultz reaction iras positive in the 
young fowl at puberty aixl usually negative in the adult. Osmic acid 
stained the droplets clear brotni and Sudan III> as well as Scharlach R, 
intensely colored the granxilos. With the Smith-Dietrich test the resiilts 
obtaiiMd by these authors were not positive, but not always entirely 
negative. 
Pfeiffer and Kirschbaum (19ii3) studied the relation of the hyper­
plasia of the interstitial cells to secretion of male hormone in the 
sparrow. No Loydig cells were found during the noraal sexual cycle. 
Nevertheless, following stimulation with pregnant mare's serum (HIS) 
or hypophyseal extracts, I/aydig cells appeared between the seminiferous 
tubules. In addition, these investigators injected FUS into white 
Leghorn chicks for 12 to 3$ days after hatching. Following this period 
the classical Leydig cells developed. However, the production of andror:on 
was only moderately accelerated. 
Recently, Sluiter and van Oordt (19h7) carried out an investigation 
on the interstitium of the teatea of 31 cockerels whose ages varied frcni 
2 to 200 days. Among other procedures, those authors used Sudan III and 
the Schultz method for their description of the main typos of interstitial 
cells present. They observed lipoid cells which were totally packed with 
lipoidal ^obules and which they considered were not directly connected 
with the production of the male sex horaone, but which might have had a 
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related secondary function, as cholesterol derivatives irero stored in 
these cells. The other type of interstitial cells present were secretory 
cells, characterized by the absence of lipid vacuoles and the presence 
of numerous mitochondria, Accordinc to Sluiter and van Oordt (19li7), 
these secretory cells produced the male sex homone. 
m a study of the sexual cycle of a wild bird, Fulmaris glacialis, 
Marshall (1?!^ ) described both juvenile Leydig cells, which usually 
contained lipoid droplets, and lipoid Leydig colls, m the younn bird 
the juvenile cells developed into the lipoid Leydin cells at the approach 
of sexual maturity. The ixiterstitium of the adult generally consisted 
of lipid Leydig cells. At all seasons these cells gave a positive 
reaction with the Schultz test for cholesterol, which corresponded in 
intensity to the amount of sudanophilic material present. 
Lipachults (I92I4}, in his book entitled the intemal Seoretiona of 
the Sex (flanda, reviewed the general literature on the interstitial cells 
of the testes. 
Pellegrini (1925) attributed the endocrine function of the testis 
to the interstitial tisstie. Using Ciaocio*s method for lipid and Sudan 
III» Pellegrini (1925) examined the testes of representatives of three 
classes of vertebrates including mammals, birds, and reptiles. This 
investigator reported that, during the poxlod of seminal maturation, 
the interstitial colls contained only a small amount of lipid; however, 
during seminal activity the intercellular and extracellular lipids were 
abundant. 
The lipid distribution in the bull testis was studied by Sorg (192li) 
using Soharlach R, Hile blue sulfate, Fischler's method, Smith-Dietrich 
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technique, and the polarialng Edcroscope. He reported the presence of 
oez^brosides as irell as phosphatidos in the interstitial cells of the 
bovine testis. Gresson and Zlotnik (l^US) observed osmiophilic granules 
at the posterior pole of the nucleus of the late spermatid of the bovine, 
and suggested that this substance probably originated from the Golgi 
material. 
Investigations on fat deposition in the dog have been carried out by 
smith (1919), Bell (1929), Collery (l^IiU), and Gresson and Zlotnik (19li5). 
m a study of senile changes in the testes of dogs. Smith (1919) using 
formalin fixation and staining irith Sudan III and N ile blue found that 
the interstitial cells of the propubic staf;e contained lipoid droplets with 
small amounts of neutral fat. The Leydig cells at this starve formed a 
third of the volume of the testis. In the normal adult dog the Lsydig 
cells wore relatively few in number and contained numerous lipoid droplets 
and vacuoles. 
Bell (1929) using Sudan III and Scharlach R contended that the fat 
which appeared in the speraatid sta^e of the dog was derived from the 
breakdoim of the lipoidal Qolgi material to neutral fat. Honever, 
Collery (19ltli), upon examination of the testes of 20 dogs with the aid 
of Sudan IV, did not anree with Bell (1929)# since both sudanophillc 
fat and strongly argentophile GolgL remnants were co-existent. According 
to Collery, no evident changes in volume of the Qolgi material were 
observed in the early stages or later during metamorphosis, as would be 
expected if fat were derived from this structure. In addition, Collery 
(19l{lt) reported sudanophillc fat in the cytoplasm of the Leydig cells, 
in the intermediate neighborhood cf the interstitial cells, but not frcaa 
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the surrounding connective tissue. He illustrated fat droplets apparently 
migrating across the connective tissue membrane of the saniniferous 
tubules. CoUery (19l4li) reported that snail globules of lipoid -were 
px^sent in the Sertoli cellsj none iras observed in the spermatogonia or 
spermatocytes, and some iras seen in the cytoplasm of the spematids. 
Also, fat was visible in the liaaen of active tubules; however, it always 
remained in close association with the spermatids. 
Grosson and Zlotnik were in agreement with GoUery (19Ut) 
in that thoy reported that the Qolgi remnant did not give rise to fat in 
the dog testis. Fat rlobules appeared in the spermatids soon after the 
archoplasmic vacuole made its appearance, and a largo numbor of fat 
droplets were present in the Sertoli cells, which stained black in osmic 
acid preparations. 
A ooBiparative investigation of male gem colls of certain mammals 
was carried out by Qresson and Zlotnik (19li5)* Following staining of 
testicular material with Sudan IV, they reported fat globules in the 
pig spermatid, Sertoli cell, and interstitial cells. Lipoidal material 
iraa visible in the sheep spermatids and Sertoli cells. Fat globules were 
observed in the Sertoli colls of the dog and cat, and in the rat lipid 
appeared at an early spexmatid stage followed by an increase in size 
and number of the lipoidal globules, m addition, these authors 
examined the testes of the rabbit and golden hamster. 
The phenylhydrazine technique used by Bennet (19li0) was applied to 
testes of oats, rats, guinea pigs, mice, and rabbits by Pollock (19li2). 
Control sections were extracted with alcohol, acetone, petroleum ether. 
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or were treated with aemicarbozide. Other sections were treated with 
digitonin and studied with crossed Ilicol prisms. poUodc (19U2) con­
cluded that the substance soluble in these solvents and fouxid only in the 
interstitial cells was made up of active sterones. Upon treatment of the 
section with digitonin^ the number of birefringent ciystals increased 
markedly. According to the author, this indicated the presence of 
steroid compounds in the interstitial cells. Pollock (I9I42) supigested 
that this increase in birefrincence nif^it be due to cholesterol or seme 
similar compound. 
Albert and Leblond (I9I46) examined the phonylhydrazine reaction in 
tisaucs whose activity was dependent upon the proaence of ketosteroid 
hormones. According to Albert and Leblond, the results of Bonnet (19U0) 
and Pollock (19lt2) presumably indicated the presence of specific koto-
steroids. Albert and Leblond (19l»6) usod 2,U-dinitrophenylhydraBine (DNPH) 
in place of phenylhydrazino. A reaction was obtained with this technique 
in the seminal vesicles and the prostate nlands of the rat, and a decrease 
in staining intensity was obsozved following castration and adrenalectaoy. 
As the testes and the adrenal (;^ands are the only known sources of keto-
steroids, the reaction should have disappeared completely (Albert and 
I/Bblond, 19lt6). According to Albert and Leblond (19U6), these results 
cast doubt upon the specificity of phenylhydrassine as a test for keto-
steroids* 
Albert and Loblond (19l(6) carried out Feulgen's reaction on the same 
stages as the DNPH reaction mentioned above. These investigators found 
that the results obtained with DNPH and the Feulgen reaction paralleled 
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each other. They stated that evidence existed that the plasmalogens 
produced Feulgen's plasmal reaction, and they concluded that the histo-
chemlcal reactions obtained trith phenylhydrazine itere due to a[;etits 
effective in producing the Feiilgen reaction, namely plasmalogcns* 
Baker (191(6) obtained a positive reaction with the acid hematin 
test in the middle piece of the mouse spermatozoon. In addition, the 
secretion droplets in the Leydig cells of the testis exhibited a very 
intense positive test. Wlslocki (19^0) applied the Sudan black D reaction 
and the Baker*s acid hematin test for phospholipids to human spermatozoa. 
With the aid of the Sudan black B technique, he was able to localize the 
lipids in the middle piece of the sperm rrhcre it was oriented in spiral 
fashion. Following Baker's method a positive coloration was also 
observed In the middle piece, but the spiral filament was not apparent. 
Wlslocki was able to confirm the findings of Baker (19ti6) on the mouse 
spematozoa by the application of the acid hematin test. 
Using the Sudan black B technique, yelompy, Cavazos, and Porter 
(19^2) observed a unifom positive reaction in the middle piece of bovine 
spermatozoa in contrast to tho splrallng noted by Tfislocki (1950) in 
human sperm. In tho same investigation. Bakeris method was employed in 
order to demonstrate phospholipids in the middle piece. These results 
wore aljnllar to the findings of Wlslocki (19li9) on the deer and Baker 
(I9I16) and Wlslocki (19^0) on the mouse spermatozoon. 
Asbel and Sellgman (19l(9) in developing a new histoohemical method 
for the demonstration of cazi)onyl groups In lipids studied the testes of 
one rat, one rabbit, and three dogs and noted a positive reaction in the 
fom of blue-stained fat droplets in the interstitial cell cytoplasm. 
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Evidence iras presented proposing that the carbonyl-containing lipoid in 
these tissues ims ketosterxiid. m a later publication Ashbelj Cohen and 
Soligman (1951) reported examination oT the testes of frons* roostersi mice) 
ratsj rabbits, pigs, dogs, horses, and a goat for the presence of koto-
steroid. m addition, sections were stained with Sudan IV. A positive 
ketosteroid reaction iras observed in the interstitial cells of all species 
studied with the exception of the rooster, although a sudanophilia was 
reported in all oases. Ketosteroid as well as a sudanophilia was visible 
in the frog and pig Laydig cells. 
irislocki (I9I49) carried out a histochcmical study on the seasonal 
chances in the testes, epididymides, and seminal vesiclcs of deer. He 
ocmparod these reproductive organs in their active and inactive states 
and thus studied the changes in the lipids, steroid hormones, gl^-cogen, 
and acid and alkaline phosphatases. Wislocki found that in the fall 
lipids were present in the interstitial tissues. These tissues wore 
sudanophllic and birefringent, gave a positive plasmal reaction, 
presented a yellow fluorescence, aixl were soluble in acetone. According 
to Wislocki, this combination of reactions indicated that steroid 
homones were foxned in the Loydig cells. In June, these tests showed a 
much less intense reaction. 
With the aid of Sudan black B, Nile blue, Sohiff plasmal, the 
polarizing microscope, Saiith-Dietrich, and Schultz method, UcEnery and 
Nelson (19^0) studied the lipids of the rat, moxise, guinea pig, cat, dog, 
stallion, and human testes. These authors found sudanophllic lipid in 
the leydlg cells cf all species, althou^ quantitative variations occurred. 
With the exception of tho dog and cat, the basal areas of the seminiferous 
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tubules presented a rich sudanophlUa. In the trro species mentioned^ 
the reaction was sparse. Birefringence in the interstitial cells varied 
from little or none in the rat to an abundant reaction in the cat* Testes 
of all forms contained some Schultz-posltive material. The reactions 
varied from a sli^t one in a few interstitial cells of the rat to an 
intense coloration in tho cat. m a later paper McEnery and Nelson (1951) 
carried out cytochemical studies on the testes of rats using Sudan black 
Hile blue^ Schiff plasmal, birefringence and the Schultz test. Testicu­
lar material from normal, hypophysectomizedf cryptorchld, nnd estrogen-
treated rats ware examined. 
Perlman (19^0) with the aid of Sudan black B, the Lieberman-Burchardt 
tost, and birefringence carried out histochemlcal obseznmtions on 
cholesterol in rat testes. According to Perlman, cholesterol was found 
in tho sominlferous tubules ai:d, to a lesser degree, in the interstitial 
cells. Perlman did not agree with tho findings of Pollock (19ii2) on the 
rat. Pollock reported that all of the steroids of rat testes wore in the 
interstitial cells. 
In addition, I^nch and Scott (1951) and Scott and I^ch (1952) with 
the use of oil red 0 reported that little or no lipid was visible in the 
interstitial cells of the white rat, whereas moderate amoxmts were noted 
in several wild rats investigated. Also, lipoidal droplets were observed 
in the Sertoli cells of the white rat, and these authors considered the 
possibility that this might represent a transfer of lipid material, 
perhaps nutritive, from the Seirtoll cell to tho spexnatozoa. 
Winiwarter (1912) carzded out a cytologlcal study of the interstitial 
cells of the human testis and noted the distribution of fats, pipicnt. 
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and crystalloids Trithin these cells. He concluded that the interstitial 
cells trere not fixed and immovable elements, but were subject to fluctua­
tions T»hich paralleled the evolution and involution of the seminiferous 
tubules. 
Montagna and Hamilton (1951) and Kontapia (1952) studied the distri­
bution of lipids in human testes. They found that lipids, reacting to 
Sudan black B and the Schults test for unsaturated steroid, -nere localized 
in tho fibroblast-like cells of the interstitial tissue as well as the 
Loydig cells. Uontagna reported that, althou^ in the deer (Wislocki, 
I9I49) and in the rat (I^oh and Scott, 1951) the intratubulor lipids 
appeared to be only irithin the Seirtoli cells, in htxman testes they were 
found in the subnuclear cytoplasm of the spermatogonia, peripheral primary 
spemBtoc3rtes, and Sertoli cells. The moro centrally established secondary 
spermatocytes and the centrlpetally extending Sertoli cell cj-toplasm 
contained a dust-like sudanophilia. 
A histochemical study iras carried out by Uancini, Nolazco, and do la 
Balae (1952) on testicular biopsies from normal men. These investigators 
charactexdzed clyoon^n, lipids, muooproteins, ascorbic acid, and alkaline 
phosphatase Trithin this tissue. They reported lipids in the spermato­
gonia, primary spermatocytes, and Sertoli cello. Tno types of Leydlg 
cells vrere observedt Isimature colls, -rrlthout storoid but Tdth alkaline 
phosphatase, cytoplasmic basophilia, and lipids} and mature or adult cells 
TTith lipids, steroid, ascozbic acid, but without alkaline phosphatase and 
cytoplasmic basophilia* The free fibroblast located in the intertubular 
connective tissue contained lipids. This is in agreement with the results 
of Uontagna and Hamilton (1951) and Uontagna (1952). 
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Long and Engle (1952) studied tho cytochemistry of the testes of 
sterility patients and observed that either a diffuse or a droplet type 
of lipid was present in the Sertoli cells and the interstitium followinc 
Sudan black fi staining. With tho Schultz method, negative resiilts for 
interstitial cholesterol were obtained in three cases, irhereas in six a 
positive coloration was demonstrated. No definite cholesterol rras 
visible in the tubule colls. 
Caibohydrates 
Periodic acid-roactive carbohydrate 
Tho principal development of the periodic acid-Schiff technique (PAS)^ 
has been attributed to UcManus (19U6), Idllie (19h7a. and 19U7b), and 
Hotchkiss (19b8). McUanus (191(6) described tho hi3tolo°;ical demonstration 
of mxicin through tho employment of Schiff reacent follo»dLnfv periodic acid 
troatmont, and reported that this now mothod resembled tho Molisch*s test 
tube reaction of carbohydrates and mucoprotoins. ilotchkiss (19lt8) criti­
cally evaluated the PAS procedure from a chemical standpoint, and found 
that polysaccharides were oxidized by periodic acid to give polyaldehydes 
•which yielded colored compounds with tho Schiff reaf^ent, fuchsln-sulfite. 
Uclianus (19li6) reviewed the histolooical and histochemical uses of 
periodic acid, and presented for tho first time tho technique for frozen 
sections with the PAS technique. MoUanus reported in his review that 
periodic acid acted upon the 1,2 glycol linkage ( -CHOH-CIIOH-) of carbo­
hydrates in tissue sections to produce aldehydes (BCHO * RCHO) which were 
in turn colored with the Schiff reagent. 
^ Hereafter referred to as PAS. 
27 
lAson (1932) pointed out that it iras necessary to control the Schiff 
reaction by use of other techniques which are specific for aldehydes or 
carbonyl groups. In addition, Jeanloz (1950) questioned the validity of 
the PAS technique and contended that the presence of tvro adjacent free 
hydroxyl groups within the chain of the polysaccharide did not have any 
relationship to a positive reaction. He cmisidered it unsafe to use this 
reaction for the identification of polysaccharide structures. 
Gersh (19^9), using tho PAS technique, observed probable glycoprotein 
pranules in tho Golgi apparatus of the intestine of both the guinea pig and 
the rabbit. Also, Loblond (1950), employing the same nothod, reported a 
Golgi reaction in tho cells of the intestinal epithelium a nd the male excre­
tory argans. However, Arzac (1950a) did not observe similar reactions with 
the colored fuchsin technique, and sug,•jested that tho discrepancies might 
have been due to different fixatives used. In a later investigation, Arsac 
and Flores (1952) reported that a presumptive carbohydrate cociponont had 
been locolized in the Golgi zones of rat, rabbit, and frog organs with 
throe different hiatoohemical methods, foUofting fixation in 0rth*o fluid. 
Arzac and Flores (1952) used periodic acid with colored fuchsin, "direct" 
chromic acid piperazine silver, and periodic acid with leuoofuchsin. 
According to Pearse (191^9 and 1951), following the use of ordinary 
aqueous fixatives, mucopolyaaocharides, mucoprotoins, pljTSogon, glyco­
proteins, and sugar-containing lipoids remained. likewise, Pearse (19U9) 
stated that the amount of leuco-dye converted in the periodic acid-Schiff 
procedure into the red substituted dye was dependent on the amounts of 
substance containing the p;Lycol structure present in the tissue. 
Substances which contained less than 1 to 2 per cent of hexose or 
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hexosamine demonstrated only a faintly positive reaction. Pearse (1951) 
reviewed the methods onployed in current histochemical procedures. Con­
cerning the PAS technique, this investigator reported that 1,2 glycols or 
amino-glycols were oxidized to dialdehydes by periodic acid, and that 
carbonyl groups present were converted to the unreactive carboxylic group. 
liUie (1950) recorded a positive PAS reaction after oxidation with 
periodic acid in a number of tissue elements. In addition, Tillie (1951) 
carried out a histochemical conparison of the casella, Bauer, and periodic 
acid oxidation-Schiff leucofuchsin techniques. Ho found that all three 
apparently produced aldehyde from the same general group of substances. 
However, the chromic acid as well as the potassium permannanate also 
destroyed the aldehyde which they had produced. LLllie (1951) suggested 
that the PAS-Positive materials which did not present a distinct Bauer 
or Casella reaction were those with relatively few reactive 1,2 ^ycol; 
1>2 0H,NH2} or 1,2 OH,inOl groupings per molecule. 
Wolman (1950) reported that unsaturated lipids stained with Schiff *8 
reagent after oxidation with periodate. According to Wolman and Qreco 
(1952), hiatochemical and chemical evidence indicated that formaldehyde 
conbined with unsaturated lipids at the double bond, thus fozming a free 
carbonyl group which probably originated fran the fozmaldehyde. These 
authors reported that this reaction was visualized by the Schiff reanent 
as well as by the Ashbel-Seligman procedure. 
m 1951« dLegc, element, and Loblond presented a modified Hotchkiss 
spot test as an aid in the interpretation of the PAS technique, and they 
found that their results were in agreement with HotcUciss* (I9I48) 
interpretation of the reaction. Folloning a later investigation, GQ.egg, 
I 
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Clermont, and Leblond (1952) reported on the use of lead tetraacetate, 
benzidine, o-dianisidine, and a "film test" in an investigation of the 
PAS technique. It iras concluded that the PAS procedxire consisted of an 
oxidation of 1,2 glycols and (x^amino alcohols to produce aldehyde groups 
which wore in txim stained by the Schiff reagent. The "film test" 
demonstrated that these radicals were present in certain polysaccharides, 
mucopolysaccharides, and mucoproteins. 
Kashim (1952) has included the PAS technique in a literature review 
of the histochomical methods employed for the identification of poly­
saccharides and their derivatives. 
PAS-reactive material in the reproductive organs 
Hancini ai^ Burgos (191(8) described mucopolysaccharide distribution 
in the toad testicle at rest, during sexual activity, and after injection 
of gonadotrophic hormones. The mucopolysaccharides were localized by the 
positive reaction to PAS method, motaohrcnatic techniques, and a photo­
chemical procedure. 
In a histochemical investigation of the seasonal alterations in the 
testis of the deer, Wislocki (39li9) described the acrosome aid acroblast 
in deer spematida following the PAS technique. In addition, the head of 
deer sperm stained with this method, m a later study, Wislocki (1950) 
applied various cytochemical reactions to human spermatozoa and seminal 
plasma, and observed that the swnlnal plasma was strongly PAS-Positive 
but that the spematozoa were negative. Wislocki (1950) presiuned the 
reactive substance in the seminal plasma to be a mucopolysaccharide, in 
view of the fact that known mucoproteins stained relatively faintly. 
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Eirtman (1950) carried out a study of spermatocenosis in the mouse 
and In man through oxidation by means of periodic acid as iiell as by other 
methods. This author reported that periodic acid oxidized constituents of 
the acroscmej idiozomej cytoplasmic granules in the germ cells as well as 
the Sertoli cells and mitotic spindles. 
Leuchtei^rger and Schrader (19^0) and Schrader and Louchtenberger 
(1951) reported that the acroscQe of the spem of Arveliua alboptxnctatua, 
after staiitLng irlth the PAS technique, contained a polysaccharide tiith a 
lj2 ^ col grouping which iras neither starch, glycogen, nor hyaluronic 
acid. Likevise, those investigators observed a SchIff-positive reactive 
acrosome in bull and snake spezm. The latter demonstrated PAS-posltive 
material at the extztime tip, in contrast to the former in which the 
carbohydrate containing acrosone covered the anterior two-thirds of the 
head. The observations of Lauchtenberger and Schrader (1950) and 
Schrader and Leuchtenberger (1951) on bull speraatozoa wore conftraed 
by Uelampy, Cavazos, and Porter (1952) who carried out a cytochemioal 
investigation of bovine spermatozoa. 
leblond, Clermont, and Clmon (1950]^ Leblond (1950), and Clermont 
and Leblond (1950) reported the presence of periodic acid-reactive 
carbohydrates in the head cap and acrosome of rat spematozoa. These 
Investigators suggested a relationship between the reduction of staining 
intensity of the acrosoiQe and the release of the sperm fz*om the Sertoli 
syncytium. According to Leblond (1950) the presence of reactive material 
in the acrosone and the spem head made it possible to trace these 
structures back to the Golgl material of young spematids. 
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Clermont (19^1) applied tho PAS reaction as a method for demonstration 
of the fozmatlon of the acrosome and head cap of spem in maninals. This 
investigator described four stages for the spermiogenesis of the guinea 
plgf Trhlch included a Gol^* a cap, an acrosome, and a spem maturation 
stage. He reported that, in other species examined, the same four stages 
irere rocognizodj however, in tho final two, the shape of the acrosome 
varied with the species. 
With the PAS technique, I/oblond and Clermont (1952a) followed the 
spormlogenesis at the rat, mouse, hamster, and guinea pig. Polysaccharide-
reactive material was present in the head cap and acrosooe of the spenna-
tlds. The crltloal staining of this method permitted a detailed 
description of the development of these structures, wlilch were traced 
back to Qolgl material. In tho species examined by these investigators. 
It was found that spermlogenesls could be subdivided into the same four 
stages reported by Cleraont (1951). Lsblond and Clermont (1952b) published 
a detailed account of the spormlogenesis of the rat as demonstrated by 
the PAS technique. Likewise, these investigators described the cell 
types found in the seminiferous epithelium of rat testes. 
m a preliminary report, Cavazos and Melampy (1951) noted tho distri­
bution of periodic acid-reactive carbohydrates in the testes of the 
bovine, rat, chicken, homed lizard, frog, and blueglU fish. The 
staining method was the PAS technique following Orth's fixative. 
ca.yoogen distribution in human testicular biopsy material was 
studied by Arzac (1950b) with, among other methods, the aid of the PAS 
technique. It was found that appreciable but moderate quantities of 
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of ^yooeen were present in the cytoplasm of the Sertoli colls frcn normal 
specimens. AccordLng to Araac, no glycogen tras present in other cells of 
either the noxiaal or pathologic biopsies^ andi in complete atrophy^ there 
iras practically no Glycogen. 
In a histochemical investigation of the human testis with methods 
trhich included the PAS technique, Montana and Hamilton (19^2) and 
Uontagna (1952) reported that nlyoogen iras present in the spermatogonia, 
small and grorring primary spormatocytes, and in Sertoli cells. However, 
it iras absent in the mature pirimary spermatocytes, secondary spermatocytes, 
and apeimatids. Also, glycogen Tras localized in the epithelium of the 
tubuli recti, rete, and ductuli efferentes. In the ductuli epididymides, 
glycogen was observed only in the basal pyramidal cells. Within the 
Leydig cells as well as in the epithellvon of the ductuli efferentes and 
ductuli epidid^des, Schiff-reactive, diastase-resistant granules were 
visible. 
Elftman (1952) oxidised sections of human testes with periodic acid 
and stained then with louco-fuohsin. He observed glycogen in the Sertoli 
cells, spermatogonia, and the primary spoxmatocytes. The acrosomo of the 
developing spematld contained material which was oxidized by periodic 
acid but which was not i^yoogen. Long and Engle (1952) confizmed the 
presence of glycogen In the Sertoli cells, speraatogonla, and early 
primary spermatocytes, which were reported as being present by Uontagna 
and Hamilton (1952), Uontagna (1952), Elftman (1952), and Uancinl, 
Nolazco, and de la Baize (1952). 
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METH(I)S OF PROCEDURE 
Testicular tissue of sexually mature males representlnc the classes 
Uammalla, Aves, Roptilia, Amphibia^ and Pisces of the subphylum Vertebrata 
irore studied as to the morpholonical distribution of lipids as woll as 
periodic-reactive carbohydrates. In the class Macsnalia, testes wero fixed 
from six bulls, four rams, eipht rats, and four guinea pigs. Five Now 
Hampshire reds and two White Leghorn roosters represented the Aves. In 
Reptilia, 17 homed lizards, Phrynosoaa comutum (Harlan), were prepared 
for study. Twenty-two grass frogs, Rana pipiens, and 12 bluenill fish, 
Lepcmls macrochlrus Raflncsque, were used as examples of the classes 
Amphibia and Pisces, respectively. 
In order to demonstrate the llpoidal coopononts of the vertebrates 
investigated, testes were fixed in 10 per cent neutral formalin, washed 
in tap water for six hours, placed in gelatine at 37° C. overnight, 
embedded in 10 per cent gelatine, and hardened in the refrigerator. The 
blocks of tissue were then cut out and left in neutral foxmalin for 
several hours in order to make the celatine insoluble in water. Sections 
were cut at ten microns on a freezing microtone, and the foUowinc hlsto-
chemloal methods were applledt (1) Sudan black B, using the procedure 
according to Herman (1950). (2) Oil red 0 counterstalned with Uayer's 
hemalum (LLllie, 19li8). (3) The Ashbel-Selignan reaction for carbonyl 
groups as outlined by Selif^nan and Ashbel (1952), (It) For cholesterol 
and its esters, the Schultz z*eactlon was employed (Oanori, 1952a). 
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(5) The polarizing microscope iras used to study birefringence according 
to Gomori (1952a). Frozen sections ware treated nith dipltonin, which 
foms insoluble, anisotropic esters with cholesterol and other ^-steroids. 
These dipitonidcs are birefringent. 
Control sections for these lipid procedures were prepared by treatment 
with an equal mixture of ethyl ethor and chlorofom at rocm tesiperaturo 
for periods of 30 minutes to U8 hoiirs. Sections to be used as controls 
for polarization microscopy were extracted in acetone ovemicht prior to 
treatment with digitonin. 
Testicular material, from all species except fish, was fixed in 
fonnaldehyde calcium and other in weak Bouin's fluid as recctanended by 
Baker (19li6) for the acid hematin test for phospholipids. Sections were 
cut at five microns on a freezinr: microtome. 
For the localization of periodic acid-reactive carbohydrates, testes 
were fixed in Orth's fluid for two days, washed overnight with tap 
water, dehydrated and cleared in dicocan, and embedded in paraffin. 
Sections were cut at seven and ton microns. The staining method was 
the PAS technique as developed by McUanus (19l|6) and Hotchkiss (19li8). 
In some instances, the reducing rinse recommended by the latter author 
was omitted following the suggestion of Leblaid and Cleiroont (1952a) 
who stated that its only effect was to decrease the brilliancy of the 
purple stain. Three types of controls were employed as described by 
Leblond (1950). Those consisted oft (1) hydrolysis in salivary amylase 
for one hour at 37° C. in order to remove glycogen, (2) extraction in 
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equal parts of methanol and chloroTonn for 16 hovirs at 58° C. for removal 
of ^ycolipida, and (3) staining Trithout previous treatment in periodic 
acid. Reactions were considered positive only if they stained after 
periodic acid oxidation. Coxmterstains employed included Delafield*s 
hematoxylin^ methyl green, and light green. As an aid in the study of 
general morphology, sections fron sach specioa irere prepared with 
Dclafield's hematoxylin and eosin T. On occasions, material iras stained 
Tfith Heidenhain's iron hematoxylin. 
Details of fixation, embedding, staining reactions, and mounting 
methods are presented in the APPENDIX. 
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RESULTS 
Class Mammalia 
Bull testes 
Sudan black B» PolloirLng the application of the Sudan black B 
technique to bovine testes^ it tras seon that the nuclei of the inter­
stitial cells were unstained, i^reas the cytoplasm showed rather heavy 
concentrations of lipid in the fona of fine and large granules (Fig. 91). 
As indicated in Table 1, many of the larger droplets were vacuolated. 
The plasma Tdthin blood vessels demonstrated a few fine granules, but 
the erythrocytes failed to give a reaction. Only sli^t staining, in 
fine droplet form, was notod on the basement membrane of the seminiferous 
tubules. Fine and large granules, some vacuolated, were present in the 
cytoplasm of Sertoli cells as shown in Figure 92; however, the nuclei and 
nucleoli remained unstained. 
Within the seminiferous tubules, the spermatogonia and primary 
spemotocytes demonstrated a rather strong reaction to Sudan black B. 
These cells exhibited fine droplets which at timos were diffuse. The 
presence of an unstained area was noted adjacent to the nucleus in the 
spermatocyte cells. This region was generally ringed or partially enclosed 
by sudanophlllc material. With the exception of the size differential, 
prijnary and secondary spematocytes reacted to the lipid stain with about 
the some intensity. 
Early stages of spermatids demonstrated the same ring of lipid about 
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Table 1, fUstochQmlcal Localization of Lipids in 
Sudan blade B Oil red 0 
Ashbe l-Selicman 
reaction 
Baler 
he 
Sit« 
Bstinated 
amount 
lype of 
droplet 
Estimated 
amount 
Type of 
droplet 
Estimated Type of 
amo\mt droplet 
Estimate 
smount 
Interstitial 
cell 
CTtoplasm 
Fine 
Large 
Vacuolated 
Fine 
Large Fine ** 
Basement 
membrane 
• Fine Fina Unreactive Unre 
Sertoli 
cell 
Cj^plasm 
Fine 
Large 
Vacuolated 
•••• Fine 
Large 
Unreactivo 
and 
Spermatogonium 
cytoplasm 
*•4  ^ Fine 
Diffuse 
Vacuolated 
Fine Unreactive * 
Primary 
spermatocyte 
cytoplasm 
Fine 
Diffuse 
Diffuse 
Flrw 
Occaslon-
nlly large 
Unreactivo *• 
Secondaxy 
spermatocyte 
cytoplasm 
Fine 
Diffuse 
Diffuse 
Fine 
Occasion­
ally large 
Unreactivo 
Spermatid 
cytoplasm 
**•*- Fine 
Large 
Vacuolated 
Fine 
Large 
Unreactive • 

nical Localisation of Lipids in Bovine Testes 
Ashbe l-SeUcman 
reaction 
Eater's acid 
hematln 
Estiiaated Type of Estimated Type of 
amount droplet amount droplet 
Schultz reaction Poliirixation 
microscopy Estimated type of _ 
amotmt droplet Birefringent crystals 
Fine 4-f Fine Diffuse Absent 
Unreactivo Unreactive Unreactive Absent 
Unreactivo 
Unreactive 
and 
Fine, 
Occasion­
ally large 
Fine 
Unreactive 
Urr ©active 
Absent 
Absent 
Unreactive Fine Unreactive Absent 
Unreactive Fine Unreactive Absent 
Unreactive Fine Unreactive Absent 
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i the xmstained region, and occasional vacuolated or fine lipoid droplets 
trere dispersed in the cytoplasm. During later developmental stages the 
cytoplasm commenced to pass from the nucleus and carried sudanophllio 
matezdal irith it. 
Oil red 0. The distribution of lipid material reacting to oil red o 
nas observed scattered in the cytoplasm of the interstitial cells of bull 
testes as fine or large granxiles (Table 1). As iras the case in other 
species studied, the amotmt of lipid iiitiiin individual cells of this type 
Tfas quite variable, but the over-all reaction was stronn. A few fine 
granules of lipoidal material were often noted in the serum of the blood 
elements remaining in some of the vessels, and the basen^snt membrane 
surrounding the seminiferous tubules. Adjacent to this area were observed 
the Sertoli cells, which demonstrated numerous fine as well as large 
lipoidal droplets in their cytoplasm. The cytoplasmic strands of these 
cells extended well into the center of the tubule and contained clustered 
spermatozoa. It was esFocially in this replon of spera lodginr that 
large amounts of oil red O-posltlvo material could be seen. A few fine 
lipoidal granules wore noted in the cytoplasm of the spermatogonlal cella 
and primary spozmatocytes. Hoifever, in the case of the latter cell type', 
a diffuse cytoplasmic coloration was also seen. UUch the same was true 
for secondary spermatocytes. Fine and diffuse granulation, with an 
ocoaslonal large droplet, was seen in the cytoplasm of these cells. An 
unstained area was visible in the juxtanuclear position* Generally, as 
In primary spermatocytes, this zone was surrounded by lipoidal material. 
The cytoplasm of the spermatids demonstrated fine as well as large 
lipid droplets. However, the quantity of lipid was variable in these 
! 
5 
i 
39 
celltilar types. Uany large and sane fine granules -nere noted in the 
cytoplasm at this time. These cells were oriented towards the basement 
nenibrane of the tubule and appeared to cluster in the Sertoli cells 
dviring subsequent developmental staffs. In addition^ large or fine lipid 
droplets trore seen during the caudal movement of the cytoplasm at the time 
of spenniogenesis. 
Ashbel-Selignan reaction. Following the application of this method 
to bull testes, it was observed that a few fine granules of reactive 
substance wore present in the cytoplasm of some of the interstitial cells. 
These droplets were bluish-black in color. No other cellular components 
of bovine testis demonstrated a positive reaction. 
Schulta reaction. Very few cells of bull testes gave the blue-
green coloration indicative of a positive reaction. These instances 
wore limited to some of the interstitial cells which demonstratod a 
diffuse coloration. 
Polarlgation microscopy. Aa indicated in Table 1, no birefrinnent 
crystals wore present in bull testes. 
Baker's acid hematin test. A positive reaction indicating the 
presence of phospholipids iras noted in the cytoplam of tho interstitial 
cells of bovine testes. However, the quantity of reactive s\ibstance in 
these cells was quite variable. The nucleus and nucleolus wore unstained. 
An intense reaction was visible in the stroma of the erythrocytes, but 
occasionally \uiatained cells were seen. No phospholipid was found in 
the basal areas of the seminiferous tubules, but fine cytoplasmic granules 
were observed around the unstained nucleus of the Sertoli cells. However, 
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in their cytoplamic extensions, an intense reaction was localized in the 
region of maturing spermatozoa. Spermatogonia contained a few droplets 
of bluish coloration in the cytoplasn as did the spermatocytes and 
spermatids. 
PAS techniqufl. In a study of this reaction in bxill testes, it was 
observed that the cytoplasm of the interstitial cells, walls of blood 
vessels, lamellated connective tissue, and basement membrane of the 
seminiferous tubules gave a positive PAS reaction. Scattered throiighout 
the interstitial cell cytoplasm were numerous brilliant granules whose 
staining intensity was not decreased by saliva or mothanol-chlorofom 
treatment. Within the seminiferous tubules, the long cytoplasmic strands 
of the Sertoli cells demonstrated a positive reaction for ca]i}oh37drate, 
whereas the nuclei were unstained. Schiff-positive granules were 
scattered throughout the faintly staining cytoplasm, and spermatozoa were 
often lodged in these cells. Spermatogonia did not demonstrate a Schiff-
positive reaction. 
The development of the acrosome was traced as far as its earliest 
indication in the Golgl region of the primary spennatocytes. Altho\igh 
the nuclei and cytoplaon of those cells were unstained, it wan noted 
that a faintly reactive area was present in the Golgi zone. This 
material was comparable to the Idlosonie of the Ctolgl zone, and was also 
observed in the spexmatids as a faintly stained area in the Juxtanuclear 
position (Fig. 1). The cytoplasm of the speraatlda was rather weakly 
reactive, irtiereas the nucleus remained unstained. In later developmental 
stages, the Idlosooe gave rise to the proacrosomic grantiles, which were 
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considered the precursors of the acrosone (Fig. 2). The number of 
granules within the idiosome varied, but did not exceed two or three. 
As illustrated in Figure 3j there were other granules of a carbohydrate 
nature present in the cytoplasm outside of the idioscne. Aggregation of 
proacrosomic granules took place witidn the idioscsie> and the newly 
fomed acrosomic grantile, larger in size than those previously described, 
moved adjacent to the nucleus,, as shown in Figures U and 5, As develop­
ment proceeded, the newly fonned acrosomic granule gave rise to FAS-
positive material which spread over a small portion of the still rounded 
nucleus. Nevertheless, the acrosaaic granule remained wlt)dj:i the idio­
some (Figs. 6 and 93)* As illustrated in Figures 7t 9)4, and 9$, at a 
later stage the acroscmic granule was freed of the idiosome, and the 
spreading of carbohydrate material over the nucleus continued* During 
these stages (Figs. 7 and 8)^ an agnregation of reactive material was seen 
in the cytoplasm which was in the process of passing toward the caudal 
portion of the cell. This might have represented excess Golgi material 
which eventually contributed, in part, to the formation of the proto­
plasmic droplet often seen in ejaculated Immature spermatozoa. As shown 
in Figures 9» 10, 96, and 97t spreading of carbohydrate material and 
nuclear elongation took place. In the latter process, the excess PAS-
positive substance was present near the apical end of the cell. As nuclear 
elongation proceeded, the acrosone became evident, but the bead remained 
in its original position. Also, aa shown in Figures 10 and 97» the Schlff-
positive material spread over the anterior two-thirds of the nucleus. The 
cytoplasm commenoed to pass frctn the nucleus in a caudal direction, and 
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the material contidbuting to the fonaation of the protoplasanic droplet 
remained massed at the basal portion of the nucleus. Figure 11 illus­
trates the partial flattening of the nucletis during this starve of spematld 
metamorphosis. Figure 12 is differentiated from Figure 10 by further 
flattening of the nucleus and by the reduction of the acrosomic bead in 
both size and staining intensity. Many of the spermatozoa lodged Tdthin 
the Sertoli cell cjiioplasm irere noted as represented in Figure 13. The 
cytoplasm continued caudally over the tail, and remanents of PAS-reactiYB 
material massed to fom the Schiff-positive protoplasmic droplet. This 
structure, in addition to the acrosono, was the only Sdi iff-reactive 
carbohydrate material present in bovine spermatozoa (Figs, lit, 15, and 
98). 
Ram testea 
Sudan black B» The presence of lipids ires observed irith this method 
in the cytoplasm of the interstitial cells of ram testes as shorni in 
Figure 99* Although the amount iras variable, most of these cells 
contained numerous droplets rrhich ranged in size from fine to large. 
•Whereas the cytoplasm of the Intorstitial cells demonstrated sudano-
phlUa, the nucleus and nucleolus remained \mreactive. A fine lipoidal 
granulation Tras noted In the walls of arterioles ai^ venules. Plasma 
vrlthln these vessels also contained fine lipid droplets, whereas the 
erythrocytes demonstrated none. Extraction for l6 hours In cther-chlorofom 
mixture removed most, but not all, of the reacting lipids In the inter­
stitial cells and blood vessels. A few fine granules of lipid were 
present in the basement membrane of the seminiferous tubules, but a 
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heavier concentration of droplets was dispersed about the tubular peri­
phery. Many of these lipoidal droplets trere vacuolated. 
Close to the baseinont membrane were noted the Sertoli cells extending 
into the lumen of the tubule. As Indicated in Table 2, these cells demon­
strated a strong cytoplasmic reaction in the form of fine as well as large 
droplets which were principally in the region containing spem. As in the 
other species studied^ the nucleolus and nucleus were unreactlve. Treat­
ment with the fat solvent rmoved most of these lipids. 
Spermatogonia were seen in the vicinity of the tubule periphery and 
irere noted to contain a few large lipid globules as well as a diffuse 
cytoplasmic coloration. Primary spermatocytes presented numerous large 
as well as diffuse lipoidal granules. In some instances, a clear unstained 
zone was distinguished in the cytoplasm containing one or two fat-staining 
droplets. The lipid distribution of secondary spematocytes was quite 
similar to that of the primaries in that a moderately strong reaction was 
noted in the cytoplasm. In some secondary spormatocyteS| a small round 
sphere in the Juxtanuolear position reacted more intensely to the Sudan 
black stain than did the cytoplasm. Also, the unstained clear zone 
mentioned above was often visible in these cells. 
In early stages of spozmiogenesis it vaa noted that the strong cyto-
plaamic lipoidal reaction was rather evenly dispersed about the unstained 
nucleus and that occasionally an unstained region was visible adjacent to 
this structure. The fat globules appeared as fine, diffuse and moderately 
large cytoplasmic inclusions. In many of these cells large aggregations 
of lipoidal material were localized in the Golgl region. In later stagesj 
but prior to elongations, most of the spermatid cytoplasm passed in a 
i 
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Tablfi 2. HLstodieinical Localization of Lipids 
Site 
Sudan black B Oil red 0 
A shbe 1-Se li gman 
reaction 
Sstimted T3rpe of Estimated Type of Estimated Type of Estimatsd 
amount droplat amount droplet amount droplet amount 
Interstitial 
cell 
cytoplasm 
Large 
Fine 
Large 
Diffuse 
Fine 
Fine 
Basement 
membrane 
** Fine Fir» Unreactive 
Sertoli 
cell 
cytoplasm 
Spematogonium 
cytoplasm 
Lnrge 
Fine 
Lar^ 
DlfAise 
Large 
Fine 
Dtffuoe 
Large 
Unreactive 
Unreactive 
•4* 
Primary 
spermatocyte 
cytoplasn 
•• Large 
Diffuse 
«•& Diffuse 
Fine Unroactlvo 
Secondary 
spermatocyte 
cytoplasm 
Spermatid 
cytoplasm 
Fine 
Diffuse 
Diffuse 
Fine 
Large 
Fine 
Diffuse 
Large 
Fine 
Diffuse 
Unreactive 
Unreactive 

diendcal Localisation of Lipids in Ram Testes 
Ashbel-SeUgman Baker's adLd 
reaction hematin Schulta reaction Polarization 
Estimated Type of Estimated l^ype of EstLnated lype of micros copy 
ancxint droplet omoimt droplet amount droplat Birefk'ingent crystals 
Fine • Fine • Diffuse Very fine birefringent 
crystals throughout 
t>ie tubules aod inter-
stitium. Hwever, 
Unreactive • Fine Unreactive slides treated with 
acetone first showed 
the same birefringence 
Unreactive Fine Unreactive 
Unreactive • Pine Unreactive 
Unreactivo • Fine Unreactive 
Unreactive * Fine Unreactivo 
Unreactive * Fine Unreactive 
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caudal direction carrying with it much of the Sudan black-reactive material. 
Oil red 0. Numerous granules of oil red 0-stained material were 
dispersed in tlie cytoplasm of the interstitial cells (Table 2). Diffuse, 
fine, and large droplets were seen with variable amounts in these cells. 
Generally a discrete coloration was noted in the walls of arterioles and 
venules. Along the basal areas of the seminiferous tubules were obsez^d 
varied deposits of lipoidal material. The Sexi^oli cells of ram testes 
contained a cytoplasmic sudanophilia especially in the region of maturing 
spomatozoa. Spezmatononia demonstrated a diffuse cytoplasmic staining 
with occasional larger droplets. Primary and secondary spernatocytes wore 
observed to contain comparably reactive diffuse and fine cytoplaanic 
granules. Spermatida, possibly because of their small size, contained a 
greater quantity of oil red O-reacting material. 
Ashbel-^ellgpan reaction. A fine, weak, bluish granulation was 
observed in the cytoplasm of some of the interstitial colls of ram testes 
following this method. However, the amount of reactants was quite variable 
and differed fron cell to coll. m many cases the interstitial cells did 
not demonstrate a positive reaction. 
Schultg reaction. As shcnm in Table 2, a weak diffuse cytoplasmic 
coloration was observed in sooie of the Interstitial cells. 
Polarlgatlon nlcrosoopy. Very fine birefrin(^nt ciystals were noted 
throu^out the tubules and interstitium. Hoiitevor, slides treated with 
acetone prior to digLtonin demonstrated equivalent birefringence. 
Baker's acid hematin test. The interstitial cell cytoplasm demon­
strated a weak, fine granulation, whereas the nucleolus and nucleus were 
unreactlve. Many of the erythrocytes seen vrithin the blood vessels wer« 
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deeply stainodj however, in other cases they did not show a positive 
coloration. The basement membrane of the seminiferous tubules showed a 
very fine granulation. A fairly stronc reaction in the fonn of some fine 
as well as a few large droplets was visible in the Sertoli cell cytoplasm, 
but a somewhat stronger reaction was noted in the region of the cell which 
contained lodged spematozoa. Spermatogonia, primary as well as secondary 
spezioatooytes, and spennatids contained a few droplets of phospholipid in 
their cytoplasm (Table 2). 
PAS technique. A faint cytoplasmic reaction was noted in the intei^ 
stitial cells of ram testes after the PAS method. In some cases fine 
granules of Schiff-positive material wore dispersed in the cytoplasm of 
these cells} however, treatment with saliva or methanol-chlorofora did 
not remove them. The walls of arterioles and venules within the Inter-
stitium demonstrated an intense carbohydrate reaction as did the basement 
membrane of the seminiferous tubules. A stronn coloration was visible in 
the Sertoli cell cytoplasm, and in many instances the cytoplasm of these 
cells contained prominent, brightly-staining granules which were not 
hydrolyzed by saliva nor wore they of a glycolipid nature. The cytoplasm 
of spermatogonia and spermatocytes was weakly stained to a comparable 
degree. However, in the latter cells the precursor of the acrosome, the 
idiosome, was often seen in those preparations as a faintly reactive area 
adjacent to the nucleus and in the region of the Gol[^ apparatus. 
With the aid of the perLodic acid-Schiff technique, the alterations 
taking place during spermiogenesis in the ran were followed. As shown in 
Fig^lre 16 the idiosome of the ram was not as hcsnogeneous as that of other 
species studied, for a diffuse granulation was often seen. Ih Figures 17 
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and 18 these Rranviles became nore pronounced becocdng the proacrosaaic 
granules and in some cases 6 to 8 irere present in the idiosome. in a 
later developaental stage they seemed to coalesce (Fig. 19) and eventually 
fomed the single^ rather large^ acroscoic gran\ile as illustrated in 
Figure 20. At this time the acrosanic granule was seen adjacent to the 
nucleus but still within the idiosome. As shown in Figure 21 the idioscoe 
commenced to pass from the acrosomic cz'anule, but> before this mavoment 
was completed, PAS-positive material had begun the formation of a cap-like 
structure over the rounded spormatid nucleus (Fig. 22). This activity 
continued until a major portion of the anterior part of the nucleus was 
covered (Fif^ 23, 2U, 100, and 101). In some instances the idiosone and 
other granules of carbohydrate-reactive mateidal were dispersed in the 
cytoplasm. Also, it was observed that the cytoplasm had cccunencod to pass 
in a caudal direction (Fig. 2U). After this stage a gradual nuclcar 
elongation took place; however, tho acrosomic granule remained quite 
proninont as illustrated in Figures 2$, 26, 27, and 28. During this time 
of elongation and caudal cytoplasmic passage, the nucleus became sanewhat 
flattened, as shown in Figure 28, which is a side view of Figure 27. 
Schiff-positive substances, probably fomed by remanents of the Qolgi 
material, were often massed in the caudal regions of these cells. 
Following the dissolution of tho acrosomic granule, the only PAS-substances 
in ram spermatozoa were the faintly staining acrosome and the protoplasmic 
remanent located on the tall (Figs. 29 and 30). Figure 30 was prepared 
from a side view of spermatozoa within the seminlferoxis tubules. 
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Eat testaa 
Sudan black B» The presence of Sudan black B-reactlre lipid iras 
obsez^ed in tlio cytoplasm of the interstitial cells of the rat. As shoim 
in Figure 102, tho degree of sudanophilia in these cells varied consider­
ably. In some cases the interstitial cytoplasm was filled nith fine or 
large lipoidal globules which were sometimes vacuolated (Table 3), whereas, 
in others, none or only small amounts were present. Nuclear and nucleolar 
material were unstained. Within large blood vessels, the presence of 
lipid material was observed. In this case tho chief distribution was in 
the leucocytes and plasma of the blood, whereas tho erythrocytes were 
unreactive, 
Tho basal areas of the seminiferous tubules stiowed a sudanophilia in 
tho fozin of large as woll as fine {^obules (Table 3)> In tho long cyto­
plasmic strands of tho Sertoli cells were fine granules of Sudan-positive 
material. The nuclei and nucleoli of those cells were unreactive. Fine 
and diffuse cytoplasmic granules of sudanophilic material were present in 
the spermatogonia and spezmatocytes. Konever, those regions of reactivity 
were quite sparse. There was a positive coloration often observed in the 
Qolgi region of tho spermatids. This stained mass appeared to be formed 
by tho aggreijation of lipoid droplets. Nevertheless, other fine cyto­
plasmic globules were present. 
Oil red 0. Following the use of this method, varying anounts of 
sudanophilic material were present in the interstitial cells of the rat. 
As indicated in Table 3, this substance was dispersed in the cytoplasm 
and appeared principally as diffuse staining, but numerous fine as well 
U9 
Table 3. Hlstocheralcal Localisation of Lipids in Rat 
Ashbel-Sellgman Baker*8 acid 
Sudan black B Oil red 0 reaction ha matin 
Estijsated Type of Estimated Type of Estimated Type of Estinated Type 
Site anwunt di^lat amount cb-oplBt anount droplet acpunt drop 
Interstitial 
cell cjrtoplasn 
••• 
Basement 
membrane 
Sertoli 
ceU 
cytoplasm 
Spermatogonium 
cytoplasm 
Primary 
spermatocyte 
cytoplasm 
Secondary 
spermatocyte 
cytoplasm 
Spermatid 
cytoplasm 
4i^ 
Fine 
Large 
Often 
vacuo­
lated 
Fine 
Large 
Often 
•acuo-
lAted 
Fine 
Fine 
Diffuse 
Fine 
Diffuse 
Fine 
Diffuse 
Fine 
^4> 
DifAise 
Fine 
Largs 
Large 
Fine 
** Fine •• Fine 
Fine 
Fine 
Diffuse 
Fine 
Diffuse. 
Fine 
Diffuse 
Fine 
Unreactlra 
Unreactlve 
Unreactive 
Unreactlve 
Unreactlve 
Unreactlve 
«4> 
Fine 
Occa: 
al]y 
Fine 
Fine 
Fine 
Fine 
Fine 

Lstochemioal Localisation of Lipids in Rat Testes 
Ashtel-Sellgnan 
reaction 
Baker's acid 
he matin Schults reaction 
of Bstijnated Type of Estinated lype of Estinated Type of 
Let anoont droplet ajpunt dropl&t amount droplet Blrefringent ct7atalfl 
Po]»riiation 
microscopy 
Fine Fine •• Fine Absent 
Unreactive Fine 
OcoasioD-
ally large 
Unreactive Absent 
Unreactive **> Fine Unrea ctive Absent 
Unreactive 
Unreactive 
• Fine 
* Fine 
Unreactive 
Unreactive 
Absent 
Absent 
Unreactive • Pine Unreactive Absent 
Unreactive Fine Unreactive Absent 
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as large granules were also observed. However, the amount reacting to the 
fat stain proved to be quite variable frcan cell to cell. 
Oil red 0-positive ^obiiles were noted in the plasna of blood remaiiv-
ing in the arterioles and venules. In the basal areas of the seminiferous 
tubules, including the lamellated ccmnectlve tissue, large and fine fat 
droplets were present. The cytoplasm of the Sertoli cells demonstrated a 
positive reaction in the fora of a fine granulation. Spermatogonia, and 
primary as well as secondary spermatocytes, were almost equally stained 
by the oil red 0. Most of those cells contained either fine f^obulos, a 
diffuse sudanophillo reaction, or a combination of tho two. Within the 
cytoplasm of the spermatids many finely nranulatod lipid droplets were 
seen, whereas the nucleus and nucleolus wore unreactlve. On occaslcms, 
in the region of the Golgi apparatus, some of these cells contained a 
bead-like cluster of small lipid granules. 
Ashbel-Selignan reaotlon. Reactive material was observed in the 
interstitial cells of rat testes (Fig. 103). It appeared as fine dark 
granules scattered within tho cytoplasm. The nucleus and nucleolus Trere 
unstained* As In the case of the Sudan black B and oil red 0 reactions, 
the amount of reaotlve material within these cells was variable. 
Sohulta reaotlon. With this method the presence of a few positive 
rlobules was demonstrated in the cytoplasm of the interstitial cells of 
the rat. However, the amount present was quite limited, and most of the 
cells observed were unreactlve to this procedure. 
Polarlaatlon mlcrosooKy. As shoim In Table 3> sections treated with 
dlgitonln prior to observation with the polarizing microscope demonstrated 
no birefrlngent material. 
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Baker's acid hematln teat. The presence of fine granules of phospho­
lipid material was noted in the cytoplasm of rat interstitial cells (Table 
3)* HoireTerj no coloration iras observed in the nucleus or nucleolus* The 
iralls of arterioles and venules established In the interstitium often con­
tained discrete globules of reactive material, m most cases the erythro­
cytes were deeply stainedj indicating tho presence of phospholipid in the 
stroma. A fetr fine and occasional large (^obules of reactive substance 
noro dispersed about the basal area of the seminiferous tubviles. Cyto­
plasmic granulation was localized about the unreactive nuclei of the 
Sertoli cells and extended toward the rection in which npem wore embedded. 
The presence of a few fine p^obules was noted in tho cytoplasm of spermato­
gonia, primary and secondary apezaatocytes, as well as of the spermatids. 
PAS technlcpie. A weak positive reaction was observed in tho cyto­
plasm of the interstitial cells of rat testes following tho periodic acid-
ScldXf technique. Numerous small^ brightly staining granules, unaffected 
by saliva or chlorofozn-methanol treatment, were present in some of these 
cells. Reactive caz^ohydrate material was located in the walls of blood 
vessels, especially in tho elastic interna of ttie arterioles, as well as 
in tho lamellated connective tissue and basement membrane of the scsninifer-
oua tubules. Schiff-positive granules were noted in tho cytoplasm of the 
Sertoli cells. However, this granulation was not limited to tho zone 
about the unstained nucleus, but was seen to extend along the cytoplasmic 
strands with a tendency to aggregate in the cellular region where 
Spermatozoa had embedded. 
The cytoplasm of spermatogaxLa and the spematocytes was only faintly 
stained. In spermatocytes, about the region of the Golgi zone adjacent to 
the nucleus, an oval, weak positive reaction was discerned. This reaction 
•was also visible in the early-phase spermatids and represented the idio-
scme or the central body of the Golgi apparatus (Fig. 31). Often brightly 
staininc Schiff-positive granules were scattered throughout the cytoplasm 
of these cells. In a later stage (Fig. 32) the idioscrae gave rise to two 
carbohydrate-reactive bodies, termed proacrosooic granules by Loblond and 
Clermont which condensed to form the single acrosooic granule as 
shown in Figure 33* m a later devolopaental stage (Fig. 31;) the acro-
soDiic granule moved ad;)acent to the nucleus, and, as maturation proceeded, 
conmenced spreading over its surface (Figs* 3$ and lOit). Nevertheless, 
the acroscraic granule was still within the pale-staining idiosome as illus­
trated in Figure 35. Throughout these developmental sta^os bright 
carbohydrate-reactive granules wore often scattered in the cytoplasm of 
the spermatids. As the aorosomlc granule spread over the nucleus as 
seen in Figures 36 and 105> the idiosome was seen to htive started moving 
from the Qolgi region of the cell (Fig. 36) and eventually it passed 
along one side of the nucleus* This distribution of PAS-posltlve carbo­
hydrate contlnvied until well over one-half of the cell was covered (Figs. 
37« 38, and 106) and the cytoplasm began to pass caudally from tho cell 
(Fig. 38). In further developoental stages, the cell became scmowhat 
asymmetrioal as the aorosomlc material extended further towards one side 
than tho other (Fig. 39), This was the first indication of the mode of 
formation of the hooked acrosooic cap over the spem head. Flexing of 
the nucleus and the acrosane contlntied \mtll the reactive material 
appeared to have passed quite extensively over one side, whereas the other 
was only partially covered. At the same time that the nuclexis was 
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undergoing flexure^ elongation cotsncnced, and the cytoplasmic material 
continued to flow towards tte distal portion of the cell (Fig. hO). At 
this time the acrosomlc granule tms still visible^ and tho nucleus was 
not completely covered. Tho basal portion was soaewhat rounded as shonn 
In Figure UO, bxit in the following stage (Fig. Ill) the nucleus became 
even more elongated and the apex quite roiinded. In addition, tho caudal 
portion of the nucleus was more angular than that of the previous stage. 
As illustrated in Figure li2j the nucleus, which now governed the dispersion 
of the acrosomlc material by its changing morphology, continued to flatten, 
elongate, and become more angular* Following this stage, tho nucleus 
contracted to a smaller size and continued to cxirve slightly. The head 
cap was slightly rounded over the apex of the nucleus (Fig. 1»3)> but 
extended caudolly only to the dorsal angle, leaving tho other portion of 
the nucleus uncovered by PAS-positlvo material. During the period illus­
trated In Figure hU the sporm was essentially mature in its morphology; 
howevor, during these last stages thoi^ was contraction of the head cap 
material which resulted in loss of contact of tho dorsal ancle of the 
spezn nucleus and the acrosomo (Fig. Ii5). Occasionally tho birofringent 
perforatorium was visible within the apex of the sperm. It was observed 
that spermatozoa in the last stages of maturation \inderwont a reduction 
in staining of tho acrosomo by tho Sohiff reagent. 
Guinea pig tostea 
Sudan black B. Following the application of this method to guinea 
pig testes numerous Upoldal droplets were visiblo in the cytoplasm of 
the interstitial cells as seen in Flgtire 107 &nd T^le 1|. Staining 
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Tablfl U* Histochenical LocaliBation of Lipids in Qu 
Site 
Sudan black B Oil red 0 
AsHbel-Selignan 
reaction 
Estinated Type of Bstinated Type of Estimated Type of Estimated 
amount droplet amount dr^let aaount droplet amoimt 
Interstitial 
cell 
cytoplasm 
Fine 
Urffi 
Diffuse 
A***- Fine 
Diffuse 
Large 
Many 
vacuo­
lated 
***• Fine 
Large 
Basement 
membrane 
Sertoli 
cell 
cytoplasm 
Spermatogonium 
esrtoplasm 
A*. 
Fine 
Occasion­
ally 
large 
Fine 
Diffuse 
Fine 
Diffuse 
** 
A* 
Fine 
Occasion­
ally 
large 
Fine 
Diffuse 
UnreactiTB 
UnreactiTB 
UnreactiTe 
Prlnary 
spermatocyte 
cytoplasm 
Secondary 
spermatocyte 
ci'toplasm 
Fine 
Diffuse 
Fine 
Diffuse 
Fine 
Diffuse 
Diffuse 
Unreactive 
Unroactive 
Spermatid 
cytoplasm 
**• Fins 
Diffuse 
Diffuse Unraactive 
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AsNbel-Selignan 
r>action 
Bstimated Type of 
aiaoont droplet 
Baker's acid 
hematin 
Estimated Type of 
aiaoimt droplet 
Schults reaction 
Estimated lype of 
amo\mt droplet 
Polarisation 
ndcroBropy 
Birefringent crystals 
Fine 
Large 
•**> Fine Diffuse 
Unreacti-ve Unreactive OnreactiTS 
Fine birefringent 
czystals throughout 
interstitiun and tubules• 
Acetone treatment prior 
to digit<»iin does not 
ramore the reaction 
tlnre active Fine UnreactiYe 
Unreactive 
Unreactive 
Fine 
Fine 
Unreactive 
Unreactive 
Unreactive *•* Fine Unreactive 
Unreactive 4>4> Fine Unreactive 
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appeared as fine, diffuse, or large granules -with varying amounts of 
lipid being present in each cell. When this lipid mis massed in a feir 
cells, •which iras often the case, a very intense sudanophilia was observed. 
Along the basement moabrano of the seminiferous tubules, a Sent droplets 
of lipoidal material were present. However, as in the Leydig cells, not 
every tubule demonstrated equal amounts of fatty material. The cytoplaan 
of the Sertoli cells was moderately stained, Trith the sudanophilia 
appearing diffuse or as fine beads. This reactivity included not only 
the cytoplasmic portion about the xmstained nucleus, but also the long 
ramification Khich often extended to the lumen of the tubule. Speraato-
gonia coritained a small amount of dust-like, fine particles of lipoidal 
material. Primary and secondary spermatocytes as irell as spermatids had 
many fine granules of Sudan-positive substance dispersed about the cyto-
plasci. It iras possible to discern the Qolgi material in many of these 
cells as a faintly rsactivo, oblong bead in the Juxtanuclear position. 
Oil red 0. A strcaig oil rod 0 roaotion was localized in the inter-
otitial cells of guinea pig testes. This sudanophilia was visualized as 
diffuse, fine or largo granules scattered in the c:^'toplasm of thoso cells. 
Some of the lipoidal droplets were vacuolated. Oil red-positive substances 
were observed in the plasma portion of blood remaining in arterioles and 
venules, whereas the erythrocytes wore unstained. A fine granular reaction 
was noted in the basal areas of the seminiferous tubules. Many fine siidano-
phillo droplets were present in the Sertoli cell cytoplasm both about the 
unstained nucleus and in the ramifying portions of the cell. As seen in 
Table U, spermatogonia, as well as primary and secondary spermatocytes 
and speimatids, were weakly reactive. Generally this appeared as a diffuse 
?6 
or finely granulated coloration. 
Aahbel-Seligaan reaction. Tlirou^ the employment of this method the 
carbonyl-containing ccanpouuda irere visualized as moderately strongly 
staining granules localized in the cytoplasm of the interstitial cells 
(Fig. 108). The reactive material consisted of fine or larce droplets with 
the quantity of reactive substances in individual cells being quite vari­
able. Treatment in an ethyl ether-chlorofoxm mixture for U.5 hoiirs did 
not remove all reactantSj but in many cases the granules became vacuolated 
or husk-like in appearance. 
Sohultg reaction. With this technique a ueak positive reaction as a 
diffuse blue-p:«en coloration iras obsorved in the cytoplaan of some of the 
interstitial colls of guinea pig testes. 
Polarization mioroscopy. Very fine, dust-like birefringent crystals 
irore scattered throughout the interstitium and tubules. Acetone treat­
ment prior to digitonin did not remove the reaction. 
Baker's acid hcmatin test. Pino bluish granules which indicated 
one of the localizations of phospholipids were seen dispersed in the 
cytoplasmic portion of moot of the interstitial colls foUorring the use 
of this technique. Moat of the erythrocytes wore deeply stainedj however, 
at times others were observed to be unreactive. As Indicated In Table U, 
the basal areas of the seminiferous tubules did not contain phospholipid, 
but a fine granulation was visible in the cytoplasm of the Sertoli cells. 
Speraatogoiia, primary' and secondary spermatocytes, as well as spermatids 
contained anall amounts of fine cytoplasmic droplets stained by the acid-
hematln test, on occasions a rather large aggregation of this material was 
seen in the cytoplasm of some of the cells of the seminiferous ttibules. 
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PAS technique. Following the application of the PAS reaction, it "was 
noted that staining of a positive nature "was localized in the cytoplasm of 
the interstitial cells, walls of blood vessels, lamellated connective 
tissue and the basemcsnt membrane of oeminiferous tubules. Bright, granu­
lated material was present in some of the blood vessel walls. Howovor, 
these granules were not affected by mothanol-chloroform, whereas most of 
them were removed by treatment with saliva. The cytoplasm of the spermato­
gonia as well as of the spermatocytes gave a slight reaction, and numerous 
brightly staining granules were observed in the cytoplasm of the latter 
group of cells. 
Throughout spermiogenesis a weak cytoplasmic staining was evident. 
It was observed that the idiosonc was present as a slightly reactive 
region in the Oolgi zone of the cytoplasm. At this stage, as shoim in 
Figure Ii6, the granulation was quite fine and rather diffuse. As develop­
ment proceeded, ap^regation of PAS-positive material took place until 
several large granules were present in the idiosane and established 
adjacent to the nucleus (Figs. U7, ii8, and U?). These early proacrosotaic 
granules fused to form one largo bead, the acroscoiic gronxile (Figs. 50 and 
109). Nevertheless, as illustrated In Figxux) 50, the idlosome was still 
present at this time. Spreading of reactive material over the nucleus 
foUcnred (Figs* $1, 52, 53I 110, 111, and 112), and continued until the 
anterior two-thirds of the nucleus was covered as seen in Figure 5U. 
Excess aorosonlo material and the lightly stained idlosome were often seen 
in the cytoplaan during these stages. During later development these 
materials, and the cytoplasm, passed caudally frcm the nucleus. This 
was followed by formation of a rather pointed acrosonlc cap (Figs. 55, 56> 
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and 133), and eventually by flattening and elonnation of the nucleus and 
acrosorae as shown in Figures 57, 58, lilt, and 115. As metamorphosis 
proceeded, it iras observed that the acrosone had spread further and the 
nucleus had continued to flatten until it was quite thin Tihen vierred 
laterally (Figs. 59, 60, 61, and 109 to 111). 
Class Aves 
Chicken testes 
Sudan black B. With the aid of this technique numerous fine sudano-
phillc granules trero seen in the txoiica albuginea enclosing the seminiferous 
tubules of rooster testes. Of the fetr interstitial colls seen in these 
specimens, many contained rathor largo cytoplasmic droplots of Sxidan-
positive material} hoirever, the nucleoli and nuclei irere unreactivo. On 
occasions a few fine granules wore dispersed in the cytoplasm of 
erythrocytes. As shown in Table 5, the basement membrane of the seminl-
ferotis tubules contained numerous fine lipoldal granules and the Sertoli 
cells demonstrated a rich cytoplasmic sudanophllla. Spermatozoa Tfore 
lodged in these cells and numerous globiiles of lipoidal material were 
scattered about them. Spermatogonia were observed to contain fine as 
well as largo Sudan black-positlvo globules In their cytoplasm. Primary 
and seconda;cy spennatocytes, as well as spematids, also gave a very 
strong reaction following this method. In these cells a heavily-stained 
droplot established in the juxtaniiclear position was often visible In the 
Qolgl zone. At times it contained a clear, somewhat vacuolar space 
within the central portion. 
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Tabls 5* llistochemical Localisation of Lipids in (3 
Sudan black B Oil red 0 
Ashbe l-Selignan 
reaction 
Baker's at 
hematii 
Site 
Estimated Type of Sstiraatad Type of Estiiaated Type of Estimated ^ 
mount droplet amount droplet anH>unt droplet amount < 
Interstitial Large 
cell Fine 
cytoplasm 
Basement •••• Fine 
membrane 
Sertoli **•* Fine 
cell Large 
cytoplasm 
Spermatogonium **4- Fine 
cytoplasm Large 
Primary ••• Fine 
spermatocyte Large 
cytoplasm 
Secondary *•**• Fine 
spermatocyte Large 
cHoplasm 
Spermatid ••• Fine 
cytoplasm I'^rge 
• ff 
**•* 
Large 
Fine 
Fine 
Fine 
Large 
Fine 
Large 
Fine 
Large 
Fine 
Large 
Fine 
Large 
Unreactlve 
Unreactive 
Unreactlve 
Unreactlve 
Unreactive 
Unreactive 
Unreactive 
1 

ochemleal Localisation of Idplds in Qilcken Testes 
Ashbel-Sellgman Baker's acid 
reaction heiaatdn Schults reaction Polarisation 
of Estiioated Type of Sstlioated Type of Estimated Type of ndcrosoopy 
•t anoont droplet amount droplet amount droplet Blrefringent crystals 
Unreactlve Fine Unreactlve Very fine du8t~llke 
particles in inter-
stltlum and tubules* 
Reaction unchanged by 
Unreactlve • Fine Unreactlve acetone. 
Unreactlve •• Fine Unreactlve 
Unreactlve * Hne Unreactlve 
Unreactlve « Fine Unreactlve 
Unreactlve * Fine Unreactlve 
Unreactlve 4 Fine Unreactlve 
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Oil red 0» Although there were only a few interstitial cells in 
chicken testes, they contained ninaorous cytoplasmic cran^^^^iions of lipid 
foUoiiing the use of oil red 0. The basenent mraabrane of the seminiferous 
tubviles also demonstrated fat Globules. Within the Sertoli cell cyto­
plasm a very heavy sudanophilia iras observed, Trhich consisted of fine as 
irell as large lipoidal droplets. In most cases these colls retained 
clusters of spexmatozoa, and in this region there was also an abundance 
of matorial stained with oil red 0. Spermatogonia contained fine and 
large granules in their cytoplasm, but the amount present in these cells 
was quite variable. Primary and secondary spematocytes were stained in 
a oomparable degree to the speimatogonia (Table However, in the Qol^ 
aone of the spennatocytes and ad;)acent to the nucleus, thero was often 
observed reactive lipid in the fona of a rather largo globule. Generally 
this structure was oriented toward the basal portion of the tubule. The 
spomatids contained fine and largo granules in their cytoplasm and, as 
in the case of sporraatocytos, the reactive material of tho Oolfi region 
was also seen in spermatids. It appeared bright orange in color and was 
globular, but sanonhat smaller in size than that seen in spermatocytes. 
In later stages, lipid was observed in tho cytoplasm of the cell as the 
nucleus undenrent changes* Within tho lumen of the seminiferous tubxxles 
were numeroiui droplets of lipoidal substances as well as spermatozoa. 
Ashbel-Sellgnan reaction. As indicated in Table this method 
was found to be negative when, applied to tho testes of mature roosters. 
Schultz reaction. No coloration that could be considered as a posi­
tive one was observed in the testes of the fowl after the use of this 
test. 
i 
I 
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Polarlgatlon ndcroscopy. TTith this method very fine dust-like parti­
cles were observed in the interstitium and tubxiles. However, the reaction 
iras unchanged when treated with acetonc prior to placenent in digitonin 
(Table $), 
Baker's acid hematin test. Throueh the application of this ncthod, a 
weak positive reaction in the fom of fine bluish-black granules was 
observed in the cytoplasm of the interstitial cells* Horrevor, not all of 
these cells demonstrated this type of staining, and in some cases the 
reactive material in the Interstitium contained what appeared to be dear 
haloa surrounding them. There was a strong cytoplasmic coloration in 
some of the erythrocytes. A few fine droplets lined sane of the region 
of the basement membrane of the seminiferous tiibules; nevez>tholess, the 
overfall staining was quite sparse. Sooe phospholipid was evident in the 
Sertoli cell cytoplasm in the region containing spox^iatozoa. Spermatogonia, 
primary and secondary spormatocytes, as well as spermatids showed Treak 
cytoplasmic staining as a dispersed granulation. 
PAS technique. A faint cytoplasmic reaction, involving a few 
bristly-stained granules, was observed in the interstitial cells of chicken 
testes following the periodic acid-Schiff technique. These granules wore 
not obliterated by treatment with saliva or methanol-chloroform prior to 
staining. The walls of ax^erloles and venules within the Interstitium 
showed a strong Schiff-positive staining. Carbohydrate-reactive material 
was present in the lamellated connective tissue and the basement membrane 
of the sonlniferous tubules. The cytoplasm of Sertoli cells demonstrated 
numerous reactive granules, which were not removed by saliva hydrolysis or 
treatment with a glycolipld solvent. Weak PAS-positive staining was noted 
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in the cytoplasm of speraatogonia, and in that of priraary as well as 
secondary spermatocytes. The faintly-stained idiosome was visible in 
the region of the Golgi apparatus of the spermatocytes. 
In the preliminary stages of spermiogenesis the idiosome was often 
seen in the juxtanuclear position (Fig. 62), but as devolopment proceeded 
a hociogoneous mass was scmetimes present as shown in Figure 63. This 
stage was followed by formation of the proacrosomic granules within the 
idiosome (Fig. 6U) and eventual condensation of this material to produce 
the single acrosocdc granule as illustrated in Figure 65. As development 
continued, the idiosano passed caudoUy frcoi the region of the acrosomic 
granule (Fig. 66 and 67), but tlie acrosanic granule did not spread as was 
the case in some species studied. Figure 66 illustrates the apparent 
condensation of the nucleus in a later period of metamorphosis) this was 
foUcnred by nuclear elongation as well as passage caudal-ward of the 
cytoplasm (Figs. 69 and 70). These changes in nuclear morphology con­
tinued (Figs. 71j 72, 73> and 7U) with elongation being the principal 
alteration. Eventually the long, thin, fine spezmatozoon of the fowl was 
fonned, which contained only a small amount of PAS-reactivo acroscxne at 
the extreme tip as shown in Figures 75 and 76. 
Class Reptilia 
Homed lizard testes, Phrynosoaa camutimi (Harlan) 
Sudan black B. An abundance of lipid material was seen in the 
Interstitial cell cytoplasm (Table 6). It appeared as daiic blue-black 
droplets of varying sizes} however, the amount of sudanophilia was variable 
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Table 6. Histochemioal LocaliMtion of Lipids in {forn 
Site 
Sudan black B 
Bstinated l^pe of 
teount droplet 
Oil red 0 
Estimated of 
amo\mt droplet 
A shbe1-Seligman 
reaction 
Estimated 
amount 
T^rpe of 
droplet 
Bi 
an 
Interstitial ••• 
cell or 
cytoplasm *•*** 
Fine 
Lfirge 
Sone 
vacuolated 
or 
Fine 
Large 
Sons 
yacuolated 
Fine 
Largs 
Sons 
vacuolated 
Baserasnt 
msmbrane 
Fine Fine Unreactive 
Sertoli Fine 
cell Large 
cytopliism 
Spermatogonium Fine 
cytoplasm Large 
Fine 
Large 
Fine 
Larf,e 
Unreactive 
Unreactive 
Primary 
spermatocyte 
cytoplasm 
•• Diffuse 
Fine 
Diffuse 
Fine 
Unreactive 
Secondary 
spermatocyte 
cytoplasm 
Spermatid 
cytoplasm 
Large 
Fine 
••• Fine 
Large 
Fine 
Large 
Unreactive 
Unreactive 
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Ashbel'Sellgman 
reaction 
Baker's add 
hematin Schtilts reaction 
Polarisation 
microscopy 
e of 
plot 
Sstimated l^pe of 
anoxmt droplet 
Sstimated 
astount 
Type of 
droplet 
Sstimated Type of 
amount droplet 
Blrefringent 
crystals 
• 
olatad 
•• Fine 
Largs 
Sons 
•acuolated 
••• Fine •• Fine 
Diffuse 
Absent 
Unreactlve * Fine UnreactlTB Absent 
0 
Unreactlve * Fine UnreactlTB Absent 
• 
Unreactive • Fine 
Occasion­
ally large 
UnreactlTB Absent 
use UnreactlTB 4 Fins 
Occasion­
ally large 
UnreactlTB Absent 
n 
Unreactlve * Fine 
Occasion­
ally largs 
. Unreactlve Absent 
p 
UnreactlvB * Fine 
Occasion­
ally large 
UiureactlTB Absent 

In these cells. Fine droplets of reactive lipid material Tiere also noted 
in the basement moabrane of the seminiferous tubules. Within these 
tubulesj fine granules irere present in the long cytoplasmic strands of 
the Sertoli cells, irtiereas the nuclei and nucleoli were unroactive to the 
fat stain. Numerous granules were noted in the cytoplasm of the spermato­
gonia as shewn in Figure 116 and Table 6. Those lipid granules wore 
usually arranned about the \inroactivo nucleus and were diffusely scattered. 
In contrast, the lipid in the primary spenaatocytes was often prouped in 
the Qolci region of the coll witli cranules scattered rather Generally 
throughout the cytoplasm. Still further cytoplasmic agsTregation of lipid 
in the Golgi region was noted in the secondary spermatocytes, tlius presenting 
the appearance of a small cap adjacent to the xinreactive nucleus. It was 
observed in the spenoatids that the lipid was condensed in the form of a 
small black bead. Nevertheless, other granxtles were seen scattered in 
the cytoplasm. Following metamorphosis and prior to their loss of cyto­
plasm tto late spermatids demonstrated numerous cytoplasmic lipid inclu­
sions. 
Oil red 0. Large amoxmts of oranne-staining fat material wore found 
in the tootes of the homed lissard with the principal site of distribution 
being in the cytoplasm of the interstitial cells. As observed in Figure 
117> the lipid material in these cells was vis^ullized as orartge p^obules, 
whereas the nuclei and nucleoli were imstained. Qlobules of lipid material 
were noted in the basement membrane of the seminiferous tubtiles. Adjacent 
or near to this membrane were seen the Sertoli colls, which also demon­
strated reactive lipoidal granules in the cytoplaan. These long cyto­
plasmic strands, in which the spem heads were embedded, were very rich 
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in substances of a lipid nature (Table 6). 
In the spezTfiatoconia cytoplasm, larfje orance-staining lipid bodies 
were scattered throughout. Ih the priraaiy and secondary spermatocytes 
the presence of lipid ccmpcxients Tiithin the cytoplasm was readily evident. 
However, in the former, the cytoplasmic granules were more diffuse, whereas 
in the latter stage there appeared to be an agcregation of lipid in the 
Qolgi region of tho cells. This lipid material underwent further conden­
sation until there was formed in the cytoplasm of the spermatids a bead 
in tho Qolci region of the cell. In addition to this lipid material, 
other substances of a sudanophilic nature were noted in the cytoplasm. At 
tlvLs time the nucleus of the spermatid was quite rounded and, as develop­
ment proceeded, underwent elongation. Lengthening left the sperro bxiUet-
shaped. However, during later metamorphosis, it became more rod-like with 
a tip aa contrasted to the blunt posterior portion of the sperm head. When 
the spermatozoon was still within tho cytoplasm, lipid material was quite 
evident. KLcngation of the nucleus continued until tho sporm head became 
quite long and slender with a sharp pointed acroscmic tip. Lipid granules 
were psresent in the cytoplasm which enclosed tho sperm nucleus. Even­
tually the cytoplasm was cast, but even at this period lipid granules 
were observed distributed along the length of tho spermatozoon. 
Control slides demonstrated that treatment for one hoxir at rocm 
temperature in equal parts of a mixture of ethyl ether and chloroform 
extracted almost all of the lipid material, and only a small fraction 
remained in a few cases. 
Ashbel-Seligaan reaction. Positive staining was noted in the cyto­
plasm of the interstitial cells, whereas the nuclei and nucleoli were 
66 
unstained. Within these cells^ the reaction ims evidenced as fine granules 
"Which varied in color frcm bluish to purple or pink. Variable amoimts of 
reactanta Trere present within individual cells. 
Schultg reaction. Application of the Schultz reaction showed a few 
fine jxeen granules in the cytoplasm of the interstitial cells. 
Polarization microscopy. No birefringont crystals were noted in the 
testes of the lizard with this method (Table 6). 
Baker's acid hematin test. Numerous fine droplets of phospholipid 
were demonstrable in the interstitial cell cytoplasm of homed lizard 
testes (Fis* 118). However, the quantity of visible reactants in these 
cells was quite variable and fluctuated frcsn only a small amount in some 
cells to a very rich sudancphilla in others. It was observed that the 
cytoplasm of the erythrocytes was deeply stained, whereas the nucleus was 
unreactive. In many oases a fine granulation was localized along the 
basement membx^e of the seminiferous tubules. The Sertoli cells con­
tained very fine droplets both in the cytoplasm about tho nucleus and in 
the projections extending towards the lumen of the tubule. In those 
cells there appeared to be a heavier concentration of phospholipid in the 
zone of maturing spermatozoa than the region about the nucleus* The 
gem cells contained several fine cytoplasmic droplets as vnill as occa^ 
slonal larger granules. 
PAS technique. Following tho use of this method a weak positive 
stainli]g was obseinred in tho tunica albuglnea surrounding the testes. 
In some oases Sohiff-positive granules, which could be removed throue^ 
saliva hydrolysis, were dispersed in this connective tissue sheath. 
Carbohydrate material was also present in the interstitial cell (Ooplasm; 
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however, saliva treatment removed only a poztion of these reactants. FAS-
reactive granules were seen in the cytoplasm of these cells one hour after 
saliva or 16 hours after methanol-chlorofonn treatment. The walls of 
arterioles and venules were strongly reactive and often contained numerous 
bristly stained granules whioh wore removed by saliva but not by methanol-
chlorofom. 
The basement membrane of the seminiferous tubules contained PAS-
positiVB material. Within the cytoplasm of the germ cells was abundant 
carbohydrate, of which most was removed following saUva treatment. The 
Sertoli cells, and the cliistors of spexmatozoa within their cytoplasm, 
danonstrated a heavy deposition of a Rlycogen material, in the spermato­
cytes a lightly stained area, the idlosone, was scmetlmes present about 
the Qolr^ rocion of the cells* 
With the aid of this method the various morphological chanf.es taking 
place during speroiogonesis were followed, m the first stage, as 
illustrated in Figure 77j> a lightly stained idlosome was seen in the 
region of the QolgL apparatus. This structure fozmed the email Schiff-
positive aoroscoio granule which enlarged and moved adjacent to the 
nucleus but still within the idlosooie (Figs. 76, 79» 80, and 81). The 
idlosome passed fran the QolgL region, as shown in Figures 62 and 63, and 
in a later stage it was noted that condensation of nuclear material had 
taken place, fonslng a somewhat smaller nucleus (Fig. 8li). At times, 
remaments of Oolgl material wore present In the caudal re^on of the 
cell, m addition, passage of cytoplam towards the distal part of the 
cell was observed. As seen in Figures 8$, 86, and 67$ this migration 
continued during the elcmgation of the nucleus and in many cases granules 
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of carbohydrate material irere clumped in the cytoplasm. At a later develop­
mental stage, spreading of the acrosome over the sharp pointed tip of the 
spem nucleus occurred (Fig* 88 and 89}* Following the loss of cytoplasm, 
only the acroscxne of the horned lizard demonstrated PAS-positlve substance 
(Fig. 90). 
Class Amphibia 
Ffog testes, Rana plpiena 
Sudan black B. As seen in Figure 119 and Table 7> this method 
revealed a largo amo\mt of lipid material irithin frog testes, m the 
cytoplasm of the interstitial cells irere obseznred sudanophilic substances 
in the form of fine, as irell as large, droplets. Fine granules Trere noted 
in the basement membrane of tho seminiferous tubules. The cytoplasm of 
the Sertoli cells demonstrated numerous granules. This granulation 
extended doim the cytoplasmic sheath that enveloped the lipid filled 
spennatozoa, and was much greater in these colls than previously noted 
In other species (Fig. 119). 
Fine, diffuse, and large gz'^^nulos were seen In the cytoplasm of 
spermatogonia (Table 7). Primary spermatocytes exhibited a more diffuse 
cytoplasmlo lipid coloration and finer granulation than did either the 
spennatogonia or Sertoli cells* Honever, occasional large droplets wore 
noted* m these preparations it was difficult to distinguish secondary 
spermatocytes with any degree of certainty. Spenaatids were present, 
generally demonstrating a diffuse lipid reaction In the cytoplasm with 
occasional fine granules. In some Instances, there was noted a darkly 
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Table 7* HLstochemical Localisation of Lipids in 
Ashbel-Selignan BA 
Sudan black B Oil rad 0 reaction 
Es'Ujnated iyp« of Estimated Tvpe of Estimated Type of Est! 
Site amount droplet amount droplet amount diroplflt aaou 
Interstitial 
cell 
cytoplasm 
Fine 
Large 
Basement 
membrane 
Sertoli 
cell 
osrtoplasm 
Spermatogoni\im •• 
cytoplasm 
Primary •• 
spermatocyte 
cytoplasm 
Spermatid 
cytoplasm 
Fine 
Large 
Fine 
Diffuse 
Large 
Fine 
Diffuse 
Few 
large 
QLfAise 
Fine 
Occasional 
large 
globule 
IHfruse 
Sorae fine 
granules 
Largs 
Fine 
Diffuse 
Fine 
Large 
Large 
Fine 
Large 
Fine 
Unreactive 
Unrenctive 
Fine 
Diffuse 
Fat 
large 
Diffuse 
Fine 
Occasional 
large 
globule 
Diffuse 
Some fine 
granules 
Unreactive 
Unreactive 
Unreactive 
tochemical Localisation of Lipids In Frog Testes 
Ashbel-Sellgnan 
reaction 
pe of Estimated Type of 
oplAt ajaount dropilet 
Baker's add 
hewatln 
Estimated Type of 
amount droplet 
Schults reaction 
Estimated Type of 
anount droplet 
Polarisation 
microscopy 
Blrefrlngent 
crystals 
•4^ Largs 
Fine 
Unreactlve 
Unrenctlve 
Large 
Unreactlve 
Pine 
• Fine 
Unreactlve 
Unreactlve 
•• 
or 
44i 
Unreactlve Fine Unreactlve Absent 
Unreactlve ««i Fine Unreactlve Absent 
Unreactlve Fine Unreactlve Absent 
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stained bead in the cytoplaanj usually in the Qol[^ region of the cell 
and soDienhat adjacent to the unreactlvo nucleus. Spermatozoa lodged 
within the Sertoli cell cytoplasm contained numerous lipid granules nhich 
extended the length of the head. Often the acroscne could be distinguished 
as a dark staining^ lipid-reactive cap. 
Oil red 0. The cytoplasm of the interstitial cells of frog testes 
demonstrated large quantities of lipid following staining. The major 
granules observed were of the large {lobular type} however, small and 
fine droplets were also present. Nearly all of the interstitial cells 
demonstrated lipoidol staining, but the amount visible was quite variable. 
There was no reaction in the nucleus and nucleolus of these cells or of 
any other cells studied in frog testes; however, an abundance of large 
and small lipid droplets were located in the basement membrane of the 
seminiferous tubules. Within the cytoplasm of the Sertoli cells, large 
and fine lipid droplets wore numerous. It was observed that speztnato^onia 
contained a moderate number of fine granules of lipid material} however, 
staining was generally diffuse. Occasionally a few droplets of fat were 
observed in these cells (Table 7)* The primary spenoatocytes also 
presented a moderate sudanophlUa, principally as diffuse and fine granules. 
As in the case of spezmatogonia, sane large droplets wore visible in those 
cells. The spermatids demonstrated a diffuse cytoplasmic granulation with 
an occasional fine droplet of lipid within the cytoplasm. It was 
observed that spezmatosoa irtilch were embedded within the Sertoli cells 
dnnonstrated an oil red o-posltlve acroscme. 
Ashbel-Seligaan reaction. As shown In Table 7» a strong positive 
reaction was visible within the cytoplasm of many of the interstitial 
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cells of frog testes. This site demonstrated fine as well as larne drop­
lets varying in coloration from blue to li^ht purple. The nuclei and 
nucleoli were unstainedj and with the exception of the Loydig cells there 
trere no other cells showing a positive reaction for this method. 
Schultg reaction. Following the application of this technique, fine 
blue-creen granules were visible in only a few oases in the cytoplasm of 
the interstitial cells (Table ?)• 
polariaation microscopy. Birefringent crystals were present in the 
cytoplasm of the interstitial cells and Sertoli cellSi as well as in the 
basement membrane of the seminiferous tubules. 
Baker's acid hematin test. The cytoplaam of the interstitial cells 
contained large quantities of phospholipid material after the use of this 
method (Fig.120). This technique visualized the lipoidal cytoplasmic 
inclusions as fine tpranules which varied according to quantity of material 
reactive within individual cells. The nuclei were \mstalned| but the 
nucleoli appeared as horoogoneous blue-black massesi thus indicating one 
of the sites of phospholipid material. The cytoplasm of frog erythrocytes 
was observed as deeply stained colls. There was no visible reaction in 
the basement membrane of the seminiferous tubules (Table ?)• The Sertoli 
cdls contained numerous fine granules of lipid substance in their cyto­
plasm as well as deeply stained nucleoli. Spermatogonia also contained 
fine droplets of reactive substances dispersed in their cytoplasm and a 
heavily-stained nucleolus. Primary and secondary spematocytes as well 
aa spezmatlda were observed to contain phospholipid in the cytoplasm and 
nucleolus to a degree comparable to that in spematogonia. The majority 
of the Amphibian spezm was unstained, with the exception of a very small 
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amount of lipid at the anterior tip of the head and at the middle-piece. 
Large masses of intensely rcactiye phospholipid Trere dispersed in the lumen 
of the seminiferous tubules. 
PAS technique. A sllE^t positive reaction was observed in the cyto­
plasm of the interstitial cells of the frog follotring the PAS technique, 
m addition, brishtly-stained granules irere dispersed in the cytoplasm of 
these cells, and, thou^ they were not affected by treatment with methanol-
chloroform, saliva treatment removed many of them. A deep coloration, 
combined with a heav>- Scbiff-positive granulation, characterized the walls 
of arterioles and venules; however, salivary amylase prior to staining 
also obliterated these inclusions. It was found that the basement membrane 
of the seminiferous tubules contained PAS-reactlve material. As shown in 
Figure 121, heavy concentrations of glycocen were localized within the 
tubules. This substance was dispersed throunhout the cytoplasm of all 
cellular typos within the tubules, and appeared as droplets which were 
qxtlte variable in size. Fine nranular Inclusions of glycogen outlined 
spermatozoa embedded wLthln the Sertoli cells, and very large amounts were 
present in the distal projection of these cells Into the tubular lumen. 
Furthermore, deposits of nlyoogen were visible within the lumen proper. 
Figure 122 shows the removal of glycocen fron the tubules of tho frog 
testis following treatment with salivary amylase. 
With this method it was not possible to trace the development of the 
aorosome of frog speznatozoa, for no IdLosoise was visible in these 
preparations. However, on occasions spermatids containing one to four 
small PAS-posltive beads wore observed (Fl{^. 123). These beads were 
seen only frcm the acrosanlo or apical pole of the cell and never from 
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lateral view. Spermatozoa did not exhibit an acrosome irith this method, 
but it was found that in many cases one to three ScWLff-positive graniiles 
appeared in line along the side of the sperm head. 
Class Pisces 
Bluegill fish testes, Lepomis macrochirus Rafinesque 
Sudan black B» A weak positive reaction was present as a few fine 
granules in the testicular sheath of connective tissue which invests the 
testis of the fish, and in the interlobular connective tissue (Table 8). 
Sudanophilia was also observed in the cytoplasm of the spormato^nia as 
fine granulations} however, the amotint present was quite small. The 
nuclei and nucleoli of these cells were unstained. It was noted that a 
few fine granules of lipid-reactive material were situated in the QolgL 
region of the primary spermatocytes. These inclusions were in a juxta-
nuolear position. Nevertheless, not all of the lipoidal substances were 
located in this re (don, for it was observed that a few granules were 
scattered within the cytoplasmi and remainod somewhat removed from the 
above mentioned region, m the secondary spermatocytes the reacting 
lipids in the Oolgi material were not as diffuse as those observed in the 
primary cells, in addition fine granules were dispersed in the cytoplasm 
in a position other than the Qolgi zone. The spematids showed the 
lipoidal portion of the acrosomic granule clearly and in some cases it 
appeared to have spread slightly over the nuclear surface. Following 
the metamozphosis of these cells into spermatozoa, it was observed that 
the acrosooe was present as a small and rather diffuse lipid-reactive area 
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Table 8, Hi sto chemical Localisation of Lipids in F 
Site 
Sudan black B Oil red 0 
Ashbel-^ li Ejnan 
reaction 
Estimated 
aiaount 
Type of 
droplet 
Sstinated 
asxjunt 
l^rpe of 
droplet 
Estill ted 
an»unt 
Type of 
diroplet 
Testicular 
sheath 
conneotiYB 
tissue 
Interlobular *«• 
connecti've 
tissue 
Spermatogoninn •• 
C3rtopla8n 
Primary **• 
spermatocyte 
cytoplasm 
Secondary ^ 
spermatocyte 
cytoplasm 
Spermatid 
cr/^toplasm 
Fine 
Fine 
Fine 
Fine 
Diffuse 
Fine 
Condensed 
Fine 
4*' Fine 
Fine 
Fine 
Fine 
Fine 
Condensed 
•• Fine 
Unreactive 
Ifnroactive 
Unreactive 
IJnrs native 
Unreactive 
Uiurc active 

todiemic&l Localisation of Lipids in Fish Testes 
red 0 
Tyjm of 
Ashbel'>SelL^an 
reaction Schults reaction 
Estimated 
amount 
Type of 
dr^let 
Bstinated 
amount 
Type of 
droplet 
Polarisation 
rajcroscoiar 
Birefringent crystals 
Fine Unreactive UnreactlTB Absent 
Fine Unrsactire UnreactiYe Absent 
Fine 
Fine 
UnreactivB 
Unraactive 
Unreactive 
Unreactive 
Absent 
Absent 
Fine Unreactive Unreactive Absent 
Condensed 
Fli» Unreactive Unreactive Absent 
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on the nucleus. The small size of this acrosone and the possible masking 
by the hematoxylin counterstain probably account for the fact that it nas 
not seen in oil rod 0 preparations. It "was noted that the adipose digl-
tativo processes irithin the intertubular connective tissue reacted to the 
Sudan stain rather diffusely. Hoirever, treatment irith an equal mixture of 
ethyl ether-ohlorofom did not always remove all of the lipoidal material 
in these areas. The same tras true for some of the lipid material in the 
gera cells. 
Oil rod 0. Fine granules of oil red 0-positive material irore visible 
scattered in the connective tissue sheath surrounding the testes of the 
blue gill fish and dividing it into lobules. The spormatogonial cells 
"irere found in cyats which were arranced near or adjacent to the peri­
phery of the lobulo. Within those cells was observed a variable nunber 
of fino granular lipid scattered about the cytoplasm. The primary 
spennatocytes wore noted to bo somewhat smaller than the spermatogonia 
but were still located within cysts. Both these cells and the secondary 
speztaatooytes demonstrated lipoidal staining. In tho primary cells an 
accumulation of larger reactive fpranules Generally established in the 
Juxtonuolear position was noted. The spermatida showed a lipoidal portion 
adjacent to the nucleus In the region of the Qolgl apparatus. In these 
preparations it was seen as a small orange bead} nevertheless, other fine 
lipoidal granules were situated in the cytoplasm. In later developnental 
atageS| it was noted that the spexioatld nucleus elongated slightly and 
then began to bow. This continued \mtll the nucleus was U-shaped. It was 
not possible to follow the metamorphosia of the acrosome In this species, 
for, soon after changes commenced in the spermatid nucleus. It disappeared. 
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lApld iraa observBd In the digLtatlve processes of adipose tissue In the 
septa between the lobules. Treatment with chlorofoim-ethcr did not remove 
all of the material stained by oil red o, 
Ashbel-Selignan reaction* As indicated in Table this reaction was 
negative Khen applied to fish testes. 
Schultz reaction. This test was negative. 
Folarigatlon aicroscopy. No birefrlngent crystals ware noted in the 
testes of the bluegill fish (Table 8). 
PAS technique. A strcsng Schlff-positive reaction tras visible within 
the connective tissue sheath covorinf: and separatin;^ the testis of the 
bluefdll into lobules. As shown in Figure 12li, numerous brightly-stained 
granular masses were dispersed throughout this tissuej however, treat­
ment with salivary amylase decreased the intensity of reaction as wall as 
obliterated the granular inclusions. Methanol-chlorofom had no effect 
upon this substance. Staining of the walls of artoidoles and venules 
indicated the presence of carbohydrate-reactive substances* Spermato­
gonia, spermatocytes, and spermatids were unstained. larce masses of 
carbohydrate material were established at randcm throughout the connective 
tissue that separated the lobules, and in sane oases this Schlff-positive 
substance was seen within the renlon of the germ cells. This material waa 
not affected by treatment with glycolipid solvents or by saliva hydrolysis. 
It was not possible to trace the developnent of the acrosone with this 
method as there was no Indication of an Idloscae or acrosaslo granule in 
these preparations. Spermatozoa observed within the lobules did not 
dononstrate an aorosome. 
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DISCUSSION 
Lipids 
Sudan black Bj trhlch iras Introduced as a histological stain by Lison 
(I93U), is considered to be an excellent stain for the demonstration of 
fatty substances (Whitehead and Kay, 1950). Cain (1950) reviewed the 
available methods for the histochemical analysis of lipids, and stated 
that the Sudan black B technique was valid for all liquid or grease-like 
lipids. Therefore, this classification would exclude cholesterol. In 
the present Investigation, Sudan black has been found to be superior to 
oil rod 0 for the demonstration of lipids in tissue sections. Althouph 
the reactions of these stains generally paralleled each other, as shown 
In Tables 1 throuf^ 8, it was easier to interpret results obtained with 
Sudan black than with oil red 0. The latter dye has a tendency to pi^ 
clpltate within a short time after stainla":, and, if a oounterstain is 
applied, there is tho possibility that sudanophilic material may be 
masked. 
Scott and lynch (1952) repoirted that they wore able to find little 
if any interstitial cell lipid In tho white rat, but that considerable 
quantities were present within these cells in tho mouse, ctdnea pig, and 
wild rat. In the present investigation, the results of Scott and I^noh 
(1952) were conflzued as to Lsydig cell lipids in tho white rat and guinea 
pig, as seen in Figures 102 and 107. Uoreover, these authors obseznred 
sperm heads embedded In the apex of the Sertoli cells, and numerous fine 
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lipids located adjacent to these spermatozoa. Scott and Lynch (19^2) 
considered the possibility as to whether or not this distribution might 
represent transfer of lipid material of a nutritive nature from the 
Sertoli cells to the speraatozoa. FoUowinn the use of the oil red o 
technique} these authors trerc unable to demonstrate lipid in the sperm. 
The results obtained in the present investigation concerning the locali­
zation of lipoidal material in the male gametes of the rat and guinea 
pig are in agreement with those reported by Scott and I^ch (1952). 
It is of interest that, throu[^ the use of these Sudan dyeS) lipids 
were discerned in the interstitial coll cytoplasm, the basement membrnne, 
and the cytoplasm of the Sertoli cells, spermatofonia, spermatocytes, and 
spermatids of all species studied, with the exception of the fish. Figures 
91 and 92 illustrate li|dLd distribution in the interstitial colls and 
seminiferous tubules of the bull following the Sudan black technique. 
Fifwo 99 demonstrates sudanophilia in the Leydin cells of the ram. In 
^e bluegLll, there are no structures which are comparable to the basement 
membrane or to the Sertoli cello. However, it must be emphasized that 
the amount of lipid observed in those cells was quito variable within the 
same cell types (Figs. 102, 107, 116, 117> and 119)« between the different 
species, and even among individuals of the same species. As shown in 
Tables 1 through 8, these sudonophilic substanoea appeared as diffuse, 
fine, or large droplets. 
Intratubular lipids have been described in different animals including 
the dog, cat, bat, horse, rabbit, and rat (Loisel, 1903)} the chicken 
(Reevos, 1915); the ram (Oresson and Zlotnik, 19ii5)} and in man, guinea 
pig, and mouse by HcEnerey and Nelson (19^0). 
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Uontagna and Hamilton (1951) have carried out a comprehensive investi­
gation of lipids in the human testis, and reported that all of the germinal 
cells, "With the exception of the transforming speraatids, contain fine 
lipid granules. According to these investigators, most authors believe 
that the only intratubolar lipids present are in the Sertoli cells. It 
is of interest that the results obtained in the present investigation are 
conparable to those of Uonta^^na and Hamilton (1951) for the human testes. 
Moreover, in the various species examined, intratub\ilar lipids irere present 
in all of the cell types, including the spermatids. 
Deone and Seli^oan (1953) have revieived and evaluated the methods 
employed for the histochemical demonstration of ketosteroids. In 191^9, 
Ashbel and Seligman introduced their method for the cytochemical locali­
zation of active carbonyl groups. Their technique consisted of the 
reduction of aldehydic and ketonic croups with 2-hydroxy 3-naphthoio 
acid hydraaide, foUoned by coupling of totrazotizod diorthoanisidine 
into the naphtelic ring. This resulted in the formation of a blue, 
insoluble azo compound. Ashbel and Soli£7aan (19li9) presented evidence 
that the carbonyl-oontaininn lipid was ketostoroid In nature. According 
to those investigators, the carbonyl-reactinn lipid was present in the 
interstitial cells of the testis. Ashbel, Cohen, and Solio&an (1951) 
studied the testes of frogs, roostes| mice, rats, rabbits, pigs, dogs, 
horses, and of a goat with the aid of the Ashbel-Selisoan test. The 
results obtained by these investigators on the carbonyl reaction and 
sudanophilia in general, wore confirmed in the present study on the rat 
(Fig. 103), the rooster, and the frog. Figures 108 and 118 Illustrate 
the cytoplaaoio reaction obtained with the Ashbel-Selionan test in the 
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Leydig cells of the guinea pig and horned lizard, respectively. 
Boscott, Mandl, Danielli, and Shoppee (19li8) reported that it has 
been claimed by other investigators that cx-hydroxyketones gave a purple 
color when reduced with fuchsin in Foulgen's plasmal reaction. Boacott> 
ilandl, Danielli, and Shoppee (19h8) studied this reaction with pure 
desoxycorticosterone and were imable to find evidence of oxidation of 
this substance to an aldehyde by aqueous mercuric chloride. These authors 
cane to tho conclusion that tho plasmal technique could not be relied upon 
to demonstrate the cytological localisation of ^^-hydroxyketones, 
Uoreover, Deane and Soli^an (1953) emphasized that tho hydrazide 
reaction was not specific for kotosteroids or for ketones. These investi­
gators pointed out that with each tissue studied it becanes necessary to 
demonstrate the foUofrLnnt (1) by otlnr techniques that tho substaxK:o 
reacting was lipid, (2) that it was ketonic, and (3) thnt fran chemical 
and biological analyses ketosteroids had previously been found in the 
tissue examined. Deano and Seligman (1953) stated that, if those require­
ments were met, then it could bo presumed that ketosteroids or their 
ketonic precursors wore beinn demonstrated. Tho battery of tosto 
employed in tho present investination indicated tho localization of 
lipidsJ however, as far as the demonstration of kotostoroid substance 
in the interstitial colls of tho various vertebrates studied is concerned, 
it mi^t be best to await further z^inement of the techniques in order 
that a moro positive identification of steroids be established. 
Gomori (1952b) is not in agreement with the current histochemical 
methods for ketosteroids. According to this investigator, the "battery 
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of reactions" which were thoufJit to bo specific for ketosteroids were 
probably due to unsaturated fatty acid osters of cholesterol, Occiori 
(1952b) stated that the carbonyl reactions as they were observed in 
tissue secti(»is were due to compounds which constituted a substantial 
percentage of lipid material. In addition, he pointed out that, at the 
present time, the ketosteroids could not be demonstrated with the methods 
available. 
Baker (19h6) developed a histochenical technique for the demonstra­
tion of phospholipids in tissue sections. This inveaticator reported 
the presence of reactive secretion droplets in the LoydiR colls of the 
mouse testis and in the middle-piece of the mouse spermatozoon. The 
results obtained in mouse Leydic cells by Baker (19h6) are ccxnparable 
to those observed in the same colls in the rat (Table 3). m addition, 
in the present study, a positive phospholipid reaction was noted in the 
Leydig, Sertoli, and nezia cells of all species studied with the exception 
of the fish. This technique was not applied to tho bluerill testis. 
As indicated in Tables 6 and 7, tho heaviest concentrations of phospho­
lipid wore observed in the Loydin colls of the homed lizard and of tho 
frog. Figure 120 illustrates the localization of phospholipid material 
in the cytoplasm of the interstitial cells and the spem mlddlo-piece of 
tho frog. 
In a later study on the histoohemlcal recognition of phospholipid. 
Baker (iplt?) reported that purified galaotolipine had scarcely any tendency 
to give a positive reaction with this method. According to this investi­
gator, the acid hematin test was a method for the localization not of 
lipid, but of phospholipid. 
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Cain (19li7) critically examined Baker's acid hematin teat for 
phospholipids, and reported that this method was specific, provided that 
only a definite positive result was considered, m a discussion of the 
mechanism for this test, this investicator stated that the phospholipid 
was not fixed by the formaldehyde calcium, and that it was restrained from 
passing into solution by the calcium ions which entered into the reaction 
in no other manner. Then, according to Cain (19U7)> the i^ospholipid 
combined with chromium from the mordant, thus renderinn it insoluble. 
In a later investination, Cain (1950) listed Baker's tost as valid for 
phospholipids and possibly acetalphosphatldes as well. 
Casselman (1952) reported that studies with synthetic enantloneric 
v-phosphatidic acids, oc-phospholiplnes, and related conpoiinds, and with 
purified lipid fractions confirmed Baker's acid hematin tost when pyri­
dine extraction was employed as the control method. He cwsiderod the 
acid hematin technique as specific for phospholipids. In addition, 
Casselman (1952) stated that a true positive reaction was also given by 
certain phosphatidic acids. Elftman (1953) reported that lipids, 
including phospholipids, wore an essential part of the Oolgi material. 
It is of interest that phospholipids were localized in all testicular 
cell types of all species studied In the present investigation. As in the 
case of the over-all lipid reactions, the phospholipids were variable in 
amount among the various species as well as between individuals of the 
same species. This substance is considered to play an important role In 
the over-all metabolic function of the cells of the testis* 
Schultz (192li) Introduced the histochemlcal method for the locali­
zation of cholesterol in tissue sections. In the present investigation. 
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a positive Schaltz reaction was obsenred in the interstitial cells of all 
species studied with the exception of the chicken and fish testes. In 
view of the question which exists concerning the presence of functional 
Leydin cells in the fowl and the fish testes^ it is of interest that a 
positive reaction was not noted in the testicular interstitiiun of these 
specicsj as indicated in Tables 5 and 8. However, it is possible that, if 
the cyclic breeding season of the bluegill is considered, the specimens 
employed in this study may have been at a stage during which a reactive 
quantity of testis cholesterol was absent. 
According to Everett (19U7)* the Schultz tost is more specific than 
the Liebermann-Burchardtreaction, which is the biochemical method for 
cholestorol. Everett (19li7) reported that the substances which gave tho 
color response of a positive Schultz test were limited to the diols, such 
as those foraed fran cholesterol by mild oxidation. Moreover, Everett 
(I9U7) stated that, with regard to tho significance of a negative 
Schultz test, this method was not as sensitive as the Lieboimann-Burchardt 
reaction. When this investigator applied tho Schultz test to gelatin 
sections containing cholesterol emulsified with lecithin and other fats, 
tho lower range of sensitivity was reached when the amount of cholesterol 
to other fats was approximately 1 to 10. 
Ferlman (1950) reported that chemical analyses of rat testes demon­
strated that, in cases in T^iich spematogenesis was impaired, as after 
hypophysectcny or cryptorchidism, a characteristic offect was an over-all 
loss of testis cholesterol, an increase in the ester/free cholesterol 
ratio, and an increase in the concentration of cholesterol present* 
According to this Investigator, these events took place without regard 
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to the functional status of the interstitial cells. 
Reiner (1952, 1953) carried out studies on the Schultz histochemical 
test for cholesterol and concluded that, although the method Ttas very 
insensitive, it was nevertheless a useful one. This investigator reported 
that the substance, or one of the substances, which was responsible for 
the positive Schultz reaction was 7-hydroxycholesterol, and that sterols 
convertible to a ccmpoxind of this or similar structure under the conditicsis 
of the reaction would, in all probability, give a positive reaction. Kent 
(1952a, 1952b) studied the specificity of the Schultz test and reported 
that It was not absolutely spoclflo for cholesterol, but that it was, 
however, more spocific than the lAebertnann-Burchardfcchemical tost from 
which it was derived. 
According to Qreep and Dcane (19li9)* Bennett (WliO) employed the 
method of pretreatment of frozen sections with dipitonin, which resulted 
in the formation of insoluble, anisotropic esters with cholesterol and 
other ^-steroida, thereby producinc more birefrlnRonce. 
In 19li2, Pollock canrled out a histochemical study on the inter­
stitial cells of the testes of the cat, rat, cuinea plf^, mouse, and 
rabbit. According to this investigator, substances with solubility 
properties similar to those of the testes steroids were demonstrated in 
the Interstitial cells. Pollock (19'42) used the dlgltonln z*eaotion 
followed by polarization microscopy, and reported that in the oat testis, 
as well as those of other animals, compounds with the chemical properties 
of testosterone were localized exclusively In the interstitial cells and 
not present elsewhere in the {jl-and. However, according to Claesson and 
HlUarp (19li7), the digitonln-precipitable sterol occurring in the 
interstitial cells of the testis i»as probably cholesterol or some related 
sterol. These investigators concluded that it iras not possible, at that 
tinie, to demonstrate histcchesiically any cafbonyl groups belonging to a 
ketosteroid. 
Gomori (1952a) pointed out that the method for polarization micro­
scopy used to be considered as a means for the distinction of doubly 
refractile cholesterol from other fat substances. However, this Investi­
gator reported that Lison (1933) demonstrated that the results obtained by 
this method could not be interpreted chemically. Furthermore, Qanoid 
(1952a) stated that, in the case of lipid, birefrinf^encc depended princi­
pally on factors other than chemical constitution. These included, among 
others, the state of arjTerration, supercoolinc* and the nature of the 
mountinn medium. According to Yoffey and Baxter (1914?) a positive 
reaction was hot necessarily evidence of the localization of cholesterol. 
Also, these investigators reported that sudanophilic and crystalline 
blrefrlncent material could occur in tlw same coll, but that the crystals 
themselves were never sudanophilic. 
In this Investigation a few birofrinnent crystals were noted in the 
Loydlc cells and within the seminiferous tubules of the frog testis (Table 
7). In other cases, the dust-like birefringent material observed in the 
case of the ram (Table 2), the {^inea pig (Table It), and the chicken 
(Table 5) was conporable to that shown by control slides which had been 
previously treated with acetone. According to Deane and Selipian (1953)> 
treatmsnt with acetone at room temperature will dissolve pure steroids. 
However, Ocmorl (1952a) stated that the sensitivity of the polarization 
microscopy method is poor, and lipid mixtures which contain less than 5 
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per cenfc cholesterol shoired no birefringence. 
It is of interest that, in a cooparative examination of vertebrate 
testes irith the aid of various lipid techniques, the results obtained 
irLthin certain structures tiere more or less comparable to lipid locali­
zation observed in other species irithin the same class or belonging to 
other classes. These findings sugsQst the possibility of the xmiversality 
of lipoidal distributicm Tdthin the Leydig, Sex^oli, and germ cells of 
vertebrate testes. Roberts and Szego (1953) have reviemd the importance 
of steroids in the metabolic processes of reproductive target organs. 
Carbohydrates 
Chemical nature of Schiff-positive substances 
Hotchkiss (I9I18) has made a critical evaluation of the PAS technique 
and has found that a positive reaction was given by any substance which 
ccoplied with certain requirements. Those included: (1) the presence of 
a 1,2 glycol Grouping (-CHOH-CHOH-) in unaubstituted form, or the equiva­
lent structure in which hydroxyl groups wore replaced by amino or alkyl-
amino groups, or its oxidation product -GH0IH30- } (2) a compotmd which 
did not diffuse during fixation or give an oxidation product which was 
diffusible) and (3) the presence of the substance in sufficient concen­
tration originally to give a detectable final color. In addition, 
Hotchkiss (19li8) pointed out that the carbohydrate component of desoxy-
ribonucleic acid and ribonucleic acid, as well as the hydroxyomino acid 
residues of most proteins, was chemically substituted so that the free 
glycol group was absent, and thus did not give a positive reaction. 
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Hotchkisa (19li8) stated that nearly all of the known naturally occurring 
compounds which oxidize the 1,2 glycol linkage irere classed as carbo­
hydrates, but only the hiohnnolecular substances such as polj'saccharides, 
hyaluronic add, mucoproteins, and mucins trere likely to be present in 
sufficient amounts to give a visible coloration. 
Lablond (1950) repo3rted that the PAS method involved two successive 
stepst the liberation of the carbonyl groups by periodic acid, and the 
identification of these groups through their characteristic fonnation of 
purple addition compounds trith the Schiff reagent. According to Leblond 
(1950), the oxidation of 1,2 glycols by periodic acid is hiphly specific 
at a pH lower than 6, and no further oxidation occurs after the initial 
aldehyde formation. 
Furthomore, it has been reported (Leblond, 1950) that, under the 
conditions that the PAS technique is used, the substances detected are 
flyconen, irtiich can bo hydrolyzed from sections through the action of 
salivary amylase; mucoproteinsj and such mucopolysaccharides as mucoitin 
sulphuric acid, heparin, and hyaluronic acid. 
Coin (I9I49) found that, if ordinary unsaturated lipids wore exposed 
to air, they attained a capability of producing a color with the Schiff 
reagent. Hennan and Dempsey (1951) have shown that the Ashbel-Seligman 
reaction for carbonyl compounds stains the same structiire revealed by the 
PAS technique after analogous procedures. According to these authors, 
this reaction suggests that carbonyl groups are responsible configurations 
in the group of methods employing the Schiff's reagents for localization 
of various lipids, carbohydrates, and mucoproteins. UJcerrise, Deane and 
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Andrews (1953) siiggested that in some cases the aldohydic substance irhlch 
reacted with the Schlff reagent was derived from unsaturated lipids. 
According to Mogg and Wenger (1952), all tissues which contained 
enough phosphatase to give a clear-cut Qomori reaction also contained 
mucopolysaccharide as demonstrated by the PAS technique. These investi­
gators suggested that the phosphatase-associatod mucopolysaccharide 
constituted part of a dynamic cytoskeletal mechanism which oriented the 
enzyme and furnished the favorable chemical c onditions for its activity. 
m a comparative study of the staining affinities of aldehyde-
fuchsln and the Schiff reaf^nt, Scott and Clayton (1953) reported that, 
aftor poriodic acid oxidation, acrosomes stained as Intensely with the 
Schlff reapent as with aldehyde-fuchsin. However, without oxidation, 
the acrosomes exhibited only a slight reaction with the Schiff reagent. 
These investlnators concluded that there was a similarity In affinity 
for aldehyde groups on the part of aldehyde-fuchsin and the Schiff 
reagent, but that these z^agents differed in that the fozmer appeared 
to possess an affinity which the latter did not demonstrate for strong 
sulfur acids. 
Ihotka (1953) cautioned that, when carbohydrates were localized by 
the PAS technique, the specificity with 1,2 glycols In the formation of 
aldehyde radicles could be destroyed by excessive oxidation with involve­
ment of amino acids, especially those with hydroxylamino llnkanes. 
Using solubility as the basis, Leblcmd (1950, p. 15) divided the 
naturally occurring compounds which react with periodic acid into 
three groups. These includet 
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(a) Water-soluble substances, such as monosaccharides, amino 
acids, and seme proteins. 
(b) Fat-soluble substances, such as cerebrosldes and 
steroids. 
(c) Water-Insoluble and fat-Insol\ible substances. 
Through the fixation and embedding procedure employed, reactants 
which might be classified in the first two groups would be removed. 
Moreover, the prolonced treatment of tissue sections In hot mothanol-
chloroform would serve to remove any persistent fat-soluble substance 
which might have remained. However, throughout the course of this 
investigation, no differences were observed between methanol-chloroform 
treated sections and those which had pone through the routine PAS 
technique. 
According to Leblond (19^0), the third group listed above is composed 
primarily of carbohydrates, proteins, or carbohydrate-protein complexes. 
Although these substances are knorm to give some PAS-Positive coloration 
in vitro, the intensity of staining reaction in tissue sections would be 
dependent upon a sufficient concentration of reactive glycol groups 
(Leblond, 1950). 
Glycogen is identified by the PAS technique. Following salivary 
amylase hydrolysis, glycogen is removed from the site of reaction. Thus, 
in the present investigation, abundant glycogen deposits were localized 
in the tunica albuglnea of the homed lizard testes) in the Leydlg, 
Sertoli, and germ cells of lizard and frog testes (Fig. 121 and 122); 
and in the connective tissue sheath which covers and separates the 
testis of the bluegill fish into lobules (Fig. I2I4). 
90 
Schiff-reactlVB material in vertebrate testes 
Leblond and Clermont (1932a) have demonstrated that the PAS technique 
is an excellent staining taethod for tracing the various stares of irodent 
spermiogenesis. These investigators carried out detailed studios on 
spermatid metamorphosis in the rat, mouse, hamster, and guinea pig, and 
were able to subdivide spermiogenesis into four phases: a Oolri, a cap, 
an acrosome, and a maturation phase. Likewise, Loblond and Clermont 
(1952a) found that the acrosanic system existed as a fundamental structure 
among all species which had been examined by thoia. In addition, a PAS-
positive acrosorao has been reported in tho doer (Wislocki, 19149), mouse 
(Elftman, 1950), bovine, reptile, and Arvelius alboptmctatus (Louchten-
bert-er and Schrader, 1950, and Schrader and Louchtenberger, 1951) • 
Melampy, Cavazos, and Porter (1952) confirmed tho findings of a Schiff-
positivo acrosome in tho bull. Elftman (1952) observed PAS->reactive 
material in the human spermatid. 
It is evident that PAS-positive substances are present in widely 
diversified species. Therefore, it becones of lnter<est to examine a 
number of species within a major sub-phylum in order to note the presence 
or absence of an acrosomio system containing the 1,2 f^ycol linkane, and 
to follow aoroscme formation. In the present investination, within the 
class Mammalia, the results obtained by Leblond and Clemont (1952a) on 
the rat and fruinea pig wore confirmed, and a detailed description of 
spormiooenesis in the bull and ram was obtained with the PAS technique. 
Uoreover, as in the case of the mammals studied, the mode of acrosomic 
foznation in the representatives of tho classes Aves and Reptilia was 
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traced to its procTirsora in the Oolgi region of the pidmary spematocytes. 
FoUcidng the PAS technique, Gcrsh (19U9) classified a portion of the 
Ctolgi apparatus as a carbohydrate-protein complex, and discusscd the 
possibility that such a glycoprotein played a role in cell metabolism. 
However, it is of interest that, in the lower forms of Vex*tebrata examined, 
the frog and the fish, no acrosane was discerned Trith the staininr methods 
employed in the present investigation. 
The similarity of spemiocenesis in all species examined, iriLth 
exception of tho frog and fish, is quite strikinc. From a caaparative 
viewpoint, the acrosome arises in tho central portion of the GolpL body, 
or idiosomo, of tho primary spermatocyte in most of the species studied. 
The proacrosomic granules generally are fomed during the initial phases 
of spermiogenesis. This development is followed by foraati'on of the 
acroscmic granule, and eventually spreading of PAS-reactive material 
over the nucleus takes place. The similarity which exists in spermlo-
genosis in the bull and ram and that found in tho fowl and homed lizard 
is readily soon by comparison of Figures 1 throu^ 15 and 16 throurb 30, 
as well as Flpures 62 throupJi 76 and 77 through 90. 
The presence of testicular rlycof-on in some of tho vertebrates studied 
is of interest. It was observed that glycopen was not localized in the 
testes of mammals and birds examined, whereas abundant deposits of this 
polysaccharide were readily noted in tho tunica albuginea of the homed 
lizard testes} in the Leydig, Sortoli, and gem cells of the lizard and 
frog (Figs. 121 and 122); and in the connective tissue sheath of the 
bluegLU fish testis (Fig. 12U). Thus a marked distinction exists in 
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(iLycocen distribution among the various species examined in this investi­
gation. 
In the human, glyconen has been localized Tdth the PAS technique by 
various investipators including Araac (19506), liontajTia and Haiailton 
(1952), Montacna (1952), Elftinan (1952), Lonn and Engle (1952), and 
Mancini, Kolazco, and de la Baize (1952). Tfislocki (19li9) noted the 
presence of a small amotmt of glycocen in the Sertoli cells of the deer. 
Honover, using the PAS teclinique, the glycof^en-iodino method, and the 
Bauer method, liandLni and Burgos (19li0) found glycoj^n in the interstitium 
of the toad testicle. This finding ia in ap:t»emont with the results 
obtained in the present study on the frog testis. However, in this 
Investi ration, glycocen was also observed in the Sertoli cells and gem 
cells of the frog. 
In Am^Mbia and Reptilla it is possible that the nlycopien found 
in the testes of the species examined may be of physiologLo significance 
to the Sertoli cells and the spezmatozoa during the period of sexual 
inactivity which precedes the release of the latter the following spring. 
Uontagna and Hamilton (1952) have suggested that, in view of the fact 
that human Sertoli cells are rich in ^ycocen, they may act as "nurse 
cells" for the transforming aperrantids and spermatozoa. The results 
obtained in the present study with regard to glycogen in the lizard and 
frog tend to support this concept of Montagna and Hamilton (1952). 
However, in view of the fact that estrogens as irell as androgens are 
produced by the testis, Huggins and Uoulder (19^45) have suggested that 
the Sertoli cells may be the source of estrogens. These investigators 
found, by histochemical and bioasaay procedures, a high estradiol 
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content in Sertoli-oell-tumor tissue of dogs. likewise, Ashbel, Cohen, 
and Seli^an (1951) rspoz^d histochemical localization of estrogen in 
Sertoli cell tumors and in normal cells. Nevertheless, Maddook and 
Nelson (1952) have presented evidence that the Leydig cells produce 
estrogen. They found that injection of chorionic gonadotrophin brought 
about an increased urinary estrogen output, interstitial coll hyper­
trophy, and tubular atrophy. 
With the exception of the bluogill fish, a PAS reaction was 
observed in the leycb-g or interstitial cell cytoplaaa of all species 
examined in this investigation. Dempsey (19l»8), in a review of tho 
histochemistry of tho endocrine glands, reported that tho Leydig cells 
were Schiff-poaitive • Horrever, sane question exists as to whether true 
interstitial cells of a secretory nature are present in tho adult fowl 
(Boring, 1912, Pearl and Boring, 1912, and Boring and Poorl, 1917)• 
Nevertheless, according to Sturicie (195ii) the coisenaus of opinion is 
that the Leydig cells of the rooster produce androgen. This author stated 
that it has been found that tho increase in tho interstitial tissue of 
the testis colnddes with tho growth and developnent of tho comb. 
Sturkie (195U) considers this an indication of androgenic activity. 
Following examination of 17-day-old cockerels, Taber (1951) 
reported interstitial cells in tho testis which were grouped in clusters 
and dispersed between the tubviles. These cells demonstrated relatively 
large, osmlc-stained droplets. According to this author his experiments 
provided additional evidence that tho interstitial cells of the testis 
were rosponslblo for the production of androgen in the Leg^iom. However, 
Uunro (1938) Isolated ^ezm in the ductus deferens of the fowl and found 
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that these cametes retained the capacity for movement in physiological 
saline for an average period of 26 to 28 days, irrespective of the 
presence or absence of fimctional testicular tissue. According to 
Munro (1938) this finding demonstrated that the testis homone *as not 
directly concerned with the maintenance of spcm life in the excuirrent 
reproductive ducts of the rooster. 
This controversy relative to the presence or absence of LeydLg cells 
in a spocies also occurs regarding the class Pisces. Qanfini (1902) 
reported the absence of these colls in the fish. Turner (1919)» In a 
comprehensive work on the testis of the porch, made no raontion of Loydig 
colls. Craig-Bennet (1931) found that tho gorm colls and interstitial 
and connective tissue of the testes of tho threc-spined stickleback, 
Oasterosteus aculeatus linn., underwent an annual cycle of development 
and re(?ression. Jaioes (19U6) observed distinctive cells in the inter­
lobular tissue of tho blue^ill fish testis, but did not investigate them 
fm-ther. m a study of the gametogenesis of Polyden apathula, Larimore 
(1950) stated that, although the occurrence of interstitial tissue In 
fishes was a point of considerable controversy, this tissue was clearly 
evident in material which he had examined. 
With the PAS technique and lipid stains employed in the present 
study. Interstitial cells were not obnorved in the bluegill fish testis. 
It is possible that the bluei^lls used were at a period of sexual 
activity which caused regression of the interstitial cells} therefore, 
these cells might not have been noted. Nevertheless, in view of the 
contradictory results regarding the interstitium of the fish testis, 
the question of the elaboration of the malo sex hormone in Pisces is 
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an interesting one •nhich remains open to further investieation. 
Within the PAS-reactive cytoplasm of the interstitial cells of the 
bull, rat, ran, chicken, homed lizard, and frog -were noted Schiff-
positivB granules which irere not removed by treatment with saliva or 
methanol-chlorofonn mixture. Comparable granules were not visible in 
the Leydig cell cytoplasm of the guinea pic testis. In addition to the 
above mentioned granulation, glycogen "jxas discerned in the interstitial 
cells of the lizard and frog testes. It is of interest that a specific 
histochemical reaction demonstrates a distiiictive pattern of localization 
within definite coll types in rDproaontatives of classes which ccnpose 
a group as inclusive as a subphylvmi. 
In many cases only a weak coloration was observed in the Leydig 
colls, walls of blood vessels, basement membrane of the seminiferous 
tubules, and the rerm coll cj'toplasm. Halo (1953) demonstrated tliat 
certain mucinous substances which were weakly positive after the PAS 
technique stained more strongly following treatment with sodium hydroxide. 
According to Hale (1953)* this deeper staining.', was produced by making 
available for aldehyde production by periodic acid more -CHOH-CHOIt-, 
-CH0H-CHHH2-, or -CHOH-CHHHR groupa. 
In the various species studied in the present investigation, the 
romilts obtained, with regard to the Schlff-reactive basement membrane, 
are comparable to those of Uontaj^cna and Hamilton (1952), who reported 
the demonstration of this structure in the human testis following the 
PAS method. 
Schoenfeldt (1902) carried out some of the early studios on the 
spermatogenesis of the bull. Wodsedalek (1920) also did extensive work 
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an bovine apenaatogenesiai however, his study dealt principally -with the 
chrctnosose numbers and tho method of sox determination in the bull, in a 
later investigation, Gresson and Zlotnik (19li8) examined the cytoplasmic 
components rrhich ivere present during the fiametogeneais of the bovine. 
These investigators briefly described the formation of the acrosome in 
the bull Tfith tho aid of Fleraning's fluid without acetic acid, Kolatchev'a 
fliiid, and Aoyama's fixative* Sections prepared in Kolatchev's fluid 
irere stained irith acid fuchsin or with hematoxylin. Qresson and Zlotnik 
(19h8) reported that at the spermatid staj^ an archoplaanic vacuole, 
containing an archoplasmic granule, was present. Esnentially, this report 
has been confirmed in tho present investigation. The proacroscmic 
granules were seen to origlnato fron within the idiosMne of tho Qolgi 
apparatus, and eventually these structures gave rise to tho acrosome. 
The PAS technique la of extreme value in the detennination of the details 
of the aorosomic system. 
Accox*ding to Leblond and Cloimont (1952a), these authors foUdrlng 
the suggestion of Moves (1899) generally adopted tho subdivision of 
apezmlogeneais into four phases. The four phases established by Loblond 
and Clermont (1952a) are equivalent to the four distinct periods during 
spermlogenesis. These investigators reported that the CSolgl phase takes 
place during the formation of the acroscmlo granule within the Idlosome} 
the cap phase occurs at the time of head cap foraatlonj the acrosone 
phase lasts throughout the orientation of tho cell and the establishment 
of the acrosone, and the changes needed to complete spermlogenesis 
constitute the maturation phase. 
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It is of interest that the results obtained in the present investi-
{^tion on the bull, aa seen in Figures 1 throu^ 15 and 93 through 98, 
closely fit into the four phases ishich have been established for rodents, 
m addition, Leblond and Clermont (1952a) state that this broakdoim into 
four phases ia a natural classification, and that these phases had been 
recognizable in the four species of rodents irhich they had described as 
well as in the ram and the bull. Hcmever, as yet, no report has appeared 
on the details of spemiorienesis in the latter two species. 
Bretschneider (1950) investigated by electron microscopy the head 
caps in various aniaals and was able to differentiate in those stxnictures 
two pairts, an inner portion which had its origin fron the acrosome and 
an outer part which arose frca the acroblast. Hancock (1952) studied the 
microscopical features of livinn and dead bull spenn and reported that 
the cap of the living coll possessed a characteristic structure which 
was identical with the acrosome. The altered cap structure of dead 
sperm was identical to a second cap-like structure, the galea capitis. 
Hancock (1952) coitcluded that the terms galea capitis and acrosome had 
been used to describe the sane structures, and suggested that the cyto­
plasmic cap of tl)B bull sperm bo termed xacrosome.'* 
Wodaedalek (1922) and Ahmend (19U0) studied tho chronosomal 
behavior in tho ram during spennatogeneais. Qre8S(»i and Zlotnlk (191j5) 
carried out an investigation of the male (;erm cells of certain mamnals, 
including the sheep. According to Gresscn and Zlotnlk (19li5), tho acro­
some of the ram had its origin from tho proaoroaome and archoplaamic 
vacuole. These investigators reported that the nucleus of the early 
spermatid was depressed by the growth of the archoplasmic vacuole, and 
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that later it grew out in an anterior direction. The results obtained 
with the PAS technique in tho present study are in agreement with Gresson 
and Zlotnik (19li5) on the origin of the acrosone. However, in the present 
investigaticxi, and with the method employed, no depression of the spermatid 
nucleus was observed. 
Randall and Friedlaender (1950) used the electron microscope in an 
investigation of the microstruoture of ram spematozoa. Their study 
included an examination of the acrosome and the presentation of evi­
dence for a skeletal framework within the spem head. Qresson (1951) 
found with the electron microscope that a thin sheath-like structxire, 
the galea capitis, was present external to the acrosone of the ram sperm. 
In addition, this Investigator reported that the acroscMe of mammalian 
sperm arose fran the pz^crosono and probably from a substance within the 
archoplaamic vacuole. Qresson (1951) stated that the Oolfd material was 
related with the formation of tho proacrosoolc granules, tho proaorosomo, 
and the arohoplasmic vacuole. 
It is of Interest that the formation of tho acrosoroo of tho bull and 
tho ram, as obseirved in tho present investlEation with the PAS tecbnlque, 
was comparable to the same structure in man, as described by Gatenby and 
Beams (1935). 
Brown (1885)* Lenhossek (1898), Rogaud (1901), Duesberg (1908), 
Allen (1918), and Uinouchl (1927) are among the earlier investigators irtio 
contributed to the knowledge of the spezmatogenesis and spemlogenesis of 
the rat. As pointed out by Leblond and Clermont (1952a),the work of 
Duesberg (1908) most closely parallels the results on spemlogenesis as 
obtained with the PAS method. More recently, Qresson and Zlotnik (19U5) 
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Included the white rat in a study of the cytoplasndc caaponents of the 
male germ cells of mammals. These investigators reported that the 
acrosome in the rat arose frcm the proacroscine and substances irLthin the 
archoplasmic vacuole. Later, Qrosson (1950) observed the archoplasmic 
vacuole, proacrosone, developing acrosone, and the acrosome of the rat 
viith the phases-contrast microscope. Studies nith the PAS technique on 
the spenoiogenesis of the irtiite rat have been carried out by Loblond 
(1950^ Clement and Loblotxi (1950), Leblond, Clemont, and Clmon (1950), 
Clermont (195l)j and Leblond and Clermont (1952a, 1952b). As shoim in 
Figures 31 through U5> the results of these investigators have been 
COTifirmod in the present study. 
Investigations on the ga]neto,s:enosis in the male rruinea pig have been 
carried out by Lenhossek (1898), Heves (1699), Papanicolaou and Stockard 
(1916), and Oatenby and Woodfter (1921). Bookhout (1937) studied the 
postnatal developnent of the testis in relation to the cell cycle 
in the guinea pig and found that mature sperm vere produced at 58 days of 
ago. The results of Clemont (1951) and leblond and Clemont (1952a), 
irho used the PAS technique as a method of study of the spezmiogenesis of 
the guinea pig, are in agreement -nith those obtaitiod in the present 
investigation (Figs. I46 through 61). 
Quyer (1916) and UiUer (1938) worked on the spomato gone sis of the 
chicken. The latter author reported that the acrosonn iras formed from 
idiosome material vrhich mifprated around the nucleus to the anterior end 
before elongation commenced. According to lAller (1936), sperm in the 
tubules demonstrated an acrosome. Zlotnik (19U7) stated that the acro­
some of the chicken was formed frcm the proacroscme which originated 
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irlthin the archoplasnlc vacuole inside of the Golgi material of the 
speraatid. Zlotnik (19U7) reported that the acrosome covered the anterior 
tip of the spera head and iras conical in shape. The results obtained in 
the present investigation Tfith the PAS technique are, penerally, in 
agrcfflnent with Miller (1938) and Zlotnik (19U7)» who employed different 
staining and fixing methods. 
The spematogonesis of the homed lizard, Itoynosoma comutian, has 
been investigated by Cavazos (1951)• Bloant (1929) studied tho seasonal 
variation in the number and morphology of the interstitial cells of the 
testis and found a definite interstitial coll cycle. m the present 
investigation, the application of the PAS technique to tho testes of the 
homed lizard readily demonstrated the mode of acrososo formation in this 
vertebrate. Of particular interest is the similarity which exists in 
spermiogenesla of the fowl and the lizard. Sven the spermatozoa are 
comparable in that in both species only the extreme tip of the long, 
slender nucleus contains tho acrosome, aa shown in Figures 75> 76, and 
90. 
FoUoffinc staining with tho PAS technique, no acrosome, or structures 
giving rise to an acroscmo, wore visible in tho cerm colls of tho frog and 
the fish. It is possible that the inability to demonstrate a Schlff-
reactive aorosoae in those two species may bo either due to complete 
absence, or to the presence of only a small amount of substances 
containing the 1,2 glycol linkage in the acrosome system. Bowen (1922) 
observed an idiosome in the primary and secondary spermatocytes as well 
as in the spermatid stage in the an^shibian Plethodon cinereus Qreen. 
According to Bowen (1922) the acrosome arose In relation to the Oolgl 
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apparatus and the Idlosome. 
Boron (I92U) suggested that the acrosonie of animal spermatozoa was 
essentially a secretory product which had as its chief function the 
initiation of the physioohenical reactions of fertilization. However, 
Leblond and Cleraont (1952a) stated that little was known of the role of 
this structure in fertilization. These authors pointed out that, if the 
reactive substances in the acrosanic system were composed of polysaccharides, 
they probably had the high viscosity characteristic of this type of carbo­
hydrate. Therefore, this viscosity might be involved in retention c«f 
the spermatids in contact with the Sertoli cells. In addition, accor­
ding to these investigators, the loss of staining intensity of the acro-
scme during the later part of the maturation phase could account for the 
release of the cells from the Sertoli elements. 
It Is of interest that the acrosomic system has been clearly demon­
strated in a comparative study of vertebrate testes. However, the 
exceptions to this, the frog and the fish, remain imexplained. Never­
theless, the value of the PAS technique in this type of investigation is 
without question. The four phases of spormiof^nesis established by 
Leblond and Clermont (1952a) were discemod in all animals studied, 
except in the two species mentioned above. It is possible that, throuph 
the use of the PAS technique, those four phases will bo found in the 
spenniogenesis of other species which represent even more diversified 
classes than those examined in the present investigation. 
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SmiUAKI 
A comparative histochenical study of vertebrate testes was carried 
out on sexually mature males representinc the classes Uammalia^ Aves, 
Reptilia, Amphibia, and Pisces. Lipid and periodic-reactive carbo­
hydrate distribution were examined as to thoir morpholooical localization 
in the bull, ram, rat, guinea pic> rooster, the homed lizard, Phrynoscnia 
comutum (Harlan), the frog, Rana pipiens, and the bluetill fish, Lepcnds 
macrochirus Rafinesque. 
m order to demonstrate the lipid components of the vertebrates 
studied, the foUoRing methods were employed} Sudan black B, oil red 0, 
the Ashbel-Soll0nan reaction, the Schultz test for cholesterol, polari­
zation microscopy after dlgitonin treatment, and Bakeris acid hematin 
test for phospholipids. For the localization of periodic acid-reactive 
carbohydrates, the staining technique was the periodic acid-Schlff 
method (PAS). 
FoUovrinc use of the Sudan dyes, lipids were noted in the inter­
stitial cell cytoplasm, the basement membrane, and the cytoplasm of the 
Sertoli cells, spermatogonia, spozmatocytes, and spermatids of all 
species studied with the exception of the blueglll fish. In the blue-
gill, lipids were visible in the gem cells and in the interlobxilar 
connective tissue sheath. A positive Ashbel-ScOLlfTnan reaction was 
obtained in the Leydlg cells of all species examined, except in the 
case of the rooster and the fish. Ylith the aid of Baker's acid l^matin 
test, phospholipid was found in the testicular cell types of the species 
1Q3 
studied. This method Tfas not applied to the bluegiU fish testis. 
Schultz-positive material was noted in the Leydig cells of the bovine, 
ram, rat, guinea pin» homed lizard, and frog. Birefringent crystals were 
present in the Leydig cells and seminiferous tubules of the frog. 
In this investigation, the conparable results obtained as to lipid 
localization in the various species studied suggest the possible wide­
spread distribution of these substances in the Leydig, Sertoli, and gem 
cells of closely related species as well as those which are even nore 
distant in taxononic classification. 
The chemical nature of substances giving a positive PAS reaction haa 
been discussed. With the aid of the PAS technique, glyconen was identi­
fied in the tunica albu^ea of Phrynoscoa cornutum; in the Lsydig, 
Sertoli, and gem cells of the lizard and frog, as well as in the 
connective tissue sheath of the bluef^ill fish testis. Sdiiff-positive 
material was localized in the interstitial cells, walls of blood vessels, 
basement membrane, and the cytoplasm of the Sertoli and germ cells of the 
various species examined with exception of the fish. In the case of the 
latter species, PAS-positivo staining was visible in the interlobular 
connective tissue. The aorosanic system, arising in the idios(»ne and 
forming the acrosome of spermatozoa, was desczi.bod in the bovine, ram, 
rat, guinea pig, chicken, and homed lizard. 
The possibility is suggested that the four phases of spermiogenesis, 
as observed with the PAS technique (Qolgi, cap, acrosome, and maturation 
phase), might be found in even more diversified species than those 
studied in this investigation. 
loU 
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APTEflDIX 
lipids 
General procedxu-e 
Testicular material for lipid studies was fixed in 10 per cent 
neutral formalin, washed in tap water for six hours, placed in gelatine 
at 37° C. ovemiRht, embedded in 10 per cent gelatine, and hardened for 
several hours in the refrigerator. Tissue bloctewero cut out and stared 
in neutral formalin until ready for use. The neutral formalin was 
prepared as foUowsj 
Formaldehyde (36 to 38 per cent).. 10 cc. 
Distilled water 90 cc. 
This mixture was neutralized with calcium carbonate. 
Sudan black B. The stain was prepared as a saturated solution in 
70 per cent alcohol. Procedurei 
1. Sections mounted on glass slides were dipped into 70 per 
cent alcohol for a momont. 
2. Staining was carried out In freshly filtered stain for 
seven minutes. 
3* Slides were dipped momentarily Into 70 per cent alcohol. In 
order to remove excess stain, and then washed in distilled 
water. 
U. No counterstalning methods were employed. 
Sections were mounted in glycerine Jelly. 
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Oil red 0. A stock saturated solution of oil red 0 and 99 per 
cent isopropyl alcohol was prepared, using 2^0 to $00 mg, of dye per 100 
cc. Procedure: 
1. Six CO. of the stock solution were diluted with U cc. of water. 
2. The diluted stain was permitted to stand for ton minutes and 
then filtered. 
3. Frozen sections were stained for ten minutes, followed by 
washing in several chan{;;es of distilled water. 
I4* Material was countsrstained for five minutes in undiluted Uayer's 
heroalum. The coimtorstain was prepared as follows: 
Hematoxylin 1 gram 
Ammonium aluminum sulfate $0 grams 
Distilled water 1,000 ml. 
Ripening anent 0.2 pram llalOj 
Acetic acid. 20 ml. 
Preservative $0 grams 
$, Sections were blued in tap water, riiised in distilled water, and 
mounted in num syrup. The gum syrup mounting medium was 
prepared according to the method of Lillie and Ashbum (19l43)t 
Fifty grams of gum arabic arei 50 grams of cane sugar were 
dissolved in 100 cc. distilled water by fraquent stirring at 
55° to 60° C. Thymol crystals were added as a preservative. 
The mixture was placed in a vacuum chamber for a few minutes 
while waim in order to remove air bubbles. 
Ashbel-Selignan reaction. Procedure: 
1. Sections mounted on microscope slides were washed in 
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several changes of distilled water for several hours, This step 
removed the formalin fran the frozen sections. 
2. The sections wore incubated in the hydrazide solution at room 
temperature for two hours. The hydrazide solution was prepared 
as follows: 
One {jram of 2-Hydroxy-3-naphthoic acid hydrazide was dissolved 
in 50 cc. of hot glacial acetic acid in a volimetric flask. To 
this was added 950 cc. of 00 per cent alcohol prepared just 
before use frwn absolute ethyl alcohol. 
3. After the hydrazide treatment, the slides were washed in several 
chanccs of 50 per cent alcohol for two hours. 
li. Incubation followed in 0,5 n hydrochloric acid at roan temperature 
with subsequent washing in several channes of distilled water. 
5* Sections were rinsed in 1 per cent sodium bicazbonate and washed 
In water. 
6. Tho slides were placed in alcohol-btiffor solution prepared frcnt 
a phosphate buffer at pH 7*2, l/l5 U, mixed with an equal volume 
of absolute ethyl alcohol Just before use. To this was added 
tetrazotized diorthoanisidine powder foUoired by stirrinc. The 
staining reaction was carried out for ten minutes. 
7* The material was then washed in several changes of distilled water, 
and mounted in g^-yoorine Jelly. 
Schulta reaction. Frozen sections wore placed in a 2 per cent 
solution of ferric ammonium sulfate for 2h hours. The sections were 
rinsed in distilled water and blotted dry. A cover slip was added, and 
a few drops of a mixtxire of eqtial parts of glacial acetic acid and 
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concentrated sulfuric acid wore aliened to flon underneath the cover slip. 
Generally, a change of colors took place, but only a blue-green one iras 
considered diarnostlc for cholesterol. 
PolariaatLon microscopy. Frozen sections were placed for six hours 
in a 0.5 per cent solution of digltonin in 50 per cent ethyl alcdiol. 
This step was followed by washing in 50 per cent alcohol, and then in 
water. Sections were mounted in glycerine jelly and observed under the 
polarizing microscope for birefringence. 
Baker's acid hamatin tost. For the localization of phospholipid 
within testicular tissue, fixation was in formaldehyde-calcivan for at 
least 6 hours and not lonner than a week. The formaldehyde-calcium 
was prepared as follows: 
Formaldehyde (36 to 36 per cent) 10 cc. 
10 per cent aqueous calcium chloride.... 10 cc. 
Distilled water 80 cc. 
Calcium cart)onato was kept in the solution. 
Procedurei 
1. After fixation, aiul without washing;, tissues wore transferred 
to dichromate-calcium at room temperature for 18 hours. 
Preparation of the dichromate-calcium solution was as followsi 
Distilled water 
Calcium chloride 
Potassium dlchromate $ gr&ms 
1 gram 
100 cc. 
2. Tissues were then placed in dichromate-calcium at 60° C. for 
2h hours. 
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Material iras washed under tap Tfater for six hours, placed in 10 
per cent melted relatine at 37° C., and left overnight. 
The i-olatine was solidified in the refrigerator, cut out in 
rectangular blocks, and left in formalin-calcium to make it 
insoluble, or until ready to cut. 
Blocks were washed for 30 minutes and cut at 5 microns on a frozen 
section microtano. Sections were mounted on slides with a 1 per 
cent n^l^tine solution. 
If it was not convenient to stain the sections iCTnediately, they 
were loft in formalln-calciura. If left in this solution, the 
sections were washed in distilled water, and placed in hot 
dichrcanate calcium for one hoxir at 60° C. 
Sections were Trashed in several channes of distilled water for 
five minutes, and placed in acid hematin at 37° C. for five 
hours. Acid homatin was prepared as followsj 
Hematoxylin 0.05 gram 
Distilled water US cc. 
Potassium iodato ( 1 per cent solution) 1 cc. 
The mixture was heated until the water Just bor.an to boil. 
After coolin,':;, 1 cc. of [glacial acetic acid was added. The 
stain was used on the day of preparation. 
Following staining, the sections were rinsed in distilled water 
and placed in borax-ferrlcyanlde at 37° C. for 18 hours. Borax-
ferrioyanlde t 
Potassium ferrioyanlde 0.2^ gram 
122 
Borax (sodium tetraborate crystallized with ten 
molecules of Trater and pandered) 
Distilled Trater 
0,25 gram 
100 cc. 
9. Sections were washed in several changes of distilled 
water for ten minutes, and mounted in glycerine Jolly, 
Controls for this method were extracted in pyridine in order to 
distinguish the lipids from certain proteins. Fixation of material for 
tlie control procedure was in "weak Bouin's fluid" t 
Picric acid, saturated aqueous solution. 50 cc. 
Formaldehyde (36 to 38 per cent). 10 cc. 
Acetic acid (glacial) 5 oc. 
Distilled water 3^ cc. 
Tissues were fixed oveminht in this fluid. 
1, Following fixation, the tissues were placed in 70 per cent 
alcohol for one hour, transferred to 50 per cent alcohol for 
30 minutes, and washed under tap water for 30 minutes. 
2, Tissues were then placed in pyridine for one hour, and subse­
quently tranaferrod to fresh pyridine for one hour, 
3, This was followed by pre-warmod pyridine at 60° C. for 2h hours, 
washing for two hours in running water, and transferring to 
dichromate-oalcium at roan temperature for 18 hours. From this 
stop onward, the tissue was treated as in the previously 
described acid hematin test. 
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Carbohydrates 
General procedure 
For the study of glycogen and other polysaccharide complexes testi­
cular material was fixed in Orth*s fluid and stained by the periodic acid-
fichiff technique. Orth's fluid was prepared as follows; 
Potassium bichroinato 2.^ grams 
Sodium sulfate 1 gram 
Distilled water 100 cc. 
To 100 cc. of the above mixture 10 cc. 36 to 38 per cent fomaldehyde 
rrore added at the time of use. 
Follordnc fixation the tissue was washed ovemi'^^t in tap water, 
dehydrated and cleared in dioxan, and ranbedded in paraffin with a melting 
point of to 56° C. Sections were cut on a rotary microtome at seven 
and 10 microns, and adhered to the slide with Meyer's one albumin. The 
Schiff reanent waa prepared accordinn to the following method: 
OiKJ-half gram of basic fuohsin was diaaolvod by poui*inp over it 
100 cc. of boiling dLstlUod water. This solution was cooled to 
$0° C., filtered, and 10 cc. of 1 Normal hydrochloric acid and 
0.5 gram of anhydrous potassium metabisulfite wore added to the 
filtrate. This mixture waa loft in the daxk ovemif^t. Subse­
quently, charcoal was added foUoned by thorough shaking and 
immediate filtration. Care was taken that the Schiff's reagent 
was completely decolorissed. The solution was then tightly 
stoppered and stored in tha refrigerator. 
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Sections were stained accordinc to the foUorring procedure: 
1. Slides Tfere deparaffinized and passed dorm to the second abso­
lute alcohol. 
2. In some cases sections were covered with a solution of 0.5 per 
cent celloidin in equal parts of absolute alcohol and ether, 
transferred to 70 per cent alcohol for ton minutes, and washed 
in distilled water. At times the celloidin coverinn was not 
applied; especially in sections which were to be treated with 
saliva for removal of flycocen. 
3. Sections were placed in a 1 per cent solution of poriodic acid 
for five minutes, washed under tap water for ton minutes, 
followed by staining in the Schiff rea/^nt for 15 minutes, 
h. From tho stain the slides wore transferred directly to two 
chances ofj 
10 por cent potassium notabisulfite 5 cc. 
1 Nomal hydrochloric acid 5 oc. 
Distilled water 100 oc. 
for five minutes each. In some instances step U was eliminated 
from the procedure. 
5. Sections were washed under tap water for ten minutes, dehydrated, 
cleared, and mounted. 
Figures 1 through 15. Spenniogonesis in the bovine as revealed 
by the PAS technique. 
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Figures 16 throu^ 30. Spenaiogonesis in the ram as (tomonatrated 
by the PAS technique. 
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Figures 31 through U5* Acrosocio foimation and spermatid meta­
morphosis in rat testes. PAS technique. 
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Figures U6 through 61. Spermiogenesis In tho gulnoa pig 
revealed by the PAS technique. 
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Figures 62 throuf^ 76. Acroaone formation in the roostor. 
PAS tochniquo. 
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FiDires 77 throueh 90» Spomiogensaia in the homed lizard, 
Hirynoaoma comutumj as demonstrated by the PAS staining 
technique. 
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Figure 91, Localization of Sudan black B-reaotive droplets in the 
interstitial cell cytoplaan of the bovine testis. Note the 
presence of unstained nuclei. (xll25)> 
Figure 92. Distribvition of lipids in the seminiferous tubules and 
Lcydig cells of the bull testis. Concentrations of Sudan black 
B granules are visible in the Sertoli cells. (xl25). 
Figure 93* The PAS technique applied to bxiU testis. A positive 
reaotion is discerned in the basement menibranc of the 
seminiferous tubule as trell as in the conn and Sertoli cell 
CTtoplasn. A Schlff-positive reaotion is visible during this 
early stage of acroscoe formation. The reactive material has 
ccnanenced spreading over the spermatid nucleus. (x90 objective 
and x7.5 ocular), 
Figuro 9l»« PAS-reactive material in bull testis. Anain note the 
strongly z^active basement membrane. The spermatids are in a 
later develoFoental stare than in Ficure 93* Faintly outlined 
spermatozoa are visible embedded in the Sertoli cytoplasm. 
(x90 objective and x7.5 ocvilar). 
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Figure 95• The PAS technique applied to bull testis. Schiff-
positive spematozoa are lodged in the Sertoli cell cytoplasm 
and -Uie reactive headcaps are in an early stage of acroscxne 
fomation. (x90 objective and x7.5 ocular). 
Ficure 96. A later stage in acrosraie formation in the bull testis 
as discerned •with the PAS teclinique. The acrosomic granxjle 
aiKl the spreading Schiff-reactive matexdal are visible in the 
spermatids. (x90 objective and x7*5 ocular). 
Figure 97. An advanced stare in bovine spermionenesis as demon­
strated by the PAS technique. (x90 objective and x7.5 ocular). 
Figure 98. PAS-reactive protoplasmic droplets in bovine spematoaoa. 
The z^maining poz>tion of the sporta tail is unstained. (xllOO). 
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Ficure 99. Sudan black B-reactivo granxiles in the cytoplasm of 
the ram Interstitial cells. Noto the presence of the 
arteriole containing tmstained erythrocytes. (xlOOO). 
FiRure 100, PAS-reactive acroscxnic caps durinn spermatid 
metamorphosis in tho ram. (xll2^). 
Figure 101. Various stares of spcnniononosis in ram testis 
as demonstrated by the PAS technique. (xll25). 

Figuro 102, lipid granules in the cytoplasm of tho Leydig 
cells of the rat testis as demonstrated by the Sudan black B 
technique. The nuclei and nucleoli are vinstaincd. Of 
interest is tho variability in reaction -rrithin the same 
cell types, (xll25). 
Figure 103, Ashbel-Selicjnan technique applied to the rat testis. 
Note tho reactive granules in the leydig cell cytoplasm, and 
the unstained nuclei and nucleoli, (x90 objective and x5,0 
ocular). 
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Figure lOU. PAS-reactive material commcncinn movement over the 
spermatid nucleixs» Rat testis. (x90 objective and x7.5 
ocular). 
FiRuro 105. Late developnental stano in rat spormlononesis as 
demonstrated with the PAS technique. Note the formation of 
acrosomic granules and the passane of tho head cap over the 
unstained surface of the nucleus. Spermatozoa are lodi'tsd 
within the Sertoli coll cytoplasm. Reactive cytoplasmic 
granules are visible in tho primary spermatocytes. (x90 
objective and x7.5 ocular). 
Figure 106. Head cap formation in rat spematids following the 
application of the PAS technique. (x90 objective and x7.5 
ocular). 

Figure 107. Sudan black B-reactivc substance in the cytoplasn 
of the interstitial cells of the guinea pin tejrtis. Note 
the differential response of tliese cells and the presence 
of diffusef fine, and largo granules of sudanophilic 
material. (xlOOO). 
Figure 108. The Ashbel-Seligman technique in the interstitial 
cell cytoplaan of the guinea pig. The nuclei and the 
cells TTithin the seminiferous tubules remain unstained. 
(xlOOO). 
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Figure 109. Schiff-reactive material in guinea pig speiroatids 
and spenoatozoa. Observe the early indication of the 
acrosonic granule. (xUOO). 
Figure 110. A later devolopaontal stape than the previous 
figure. PAS technique applied to guinea pig testes. 
(xllOO). 
Figure 111. Acrosomic formation in the nuinea pig following 
the FAS technique. (xlOOO). 
Figure 112. Spreading of Schiff-reactive substance during 
sponniogeneoia in the guinea pig. (xllOO). 
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Figure 113. Head cap formation in guinea pig spermatids. PAS 
technique. (xUOO). 
Figure llii. Elongation and oprcading of Schiff-roactive material 
in fjuinea pig spematids. (xUOO). 
Figure ll5. Later developmental stage than previous figure. 
PAS technique applied to guinea pig testes. (xlOOO). 
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Figure 116. Sudan blaok 6 staining in the germ cells of 
Rirynosoma oomutum. Note the reactive granules in the 
cytoplasm of these cells, Trhcreas the nuclci and nucleoli 
are unstained. (x90 objective and x7»5 ocular). 
Finure 117. Reactive lip)oidal granules in the cytoplasm of the 
LeydiR cells of the homed lizard as demonstrated by the 
oil red 0 technique. The nuclei are unstained. (x90 
objective and x7.5 ocular). 
Figure 118. Ashbel-Seligman-reactive material in the cytoplasm 
of the horned lizard Leydig colls. The nuclei and nucleoli 
are imstained. (x90 objective and x7.5 ocular). 
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Figure 119. Sudan black B method applied to the frojr toatis. 
Observe the cytoplasmic distribution of reactive granules 
of varying; size. Of interest is the staining of the frog 
speraatozoon middle-piece. (x90 objective and x7.5 ocular). 
Figure 120. Localization of phospholipid material in frog testis 
foUowinf: Baker's acid hematin test. Reactive lipid is 
prosont in tho Loydig cell cytoplasm and In the gom colls. 
The nuclei and nucleoli are unstained. (xlOOO). 
Figure 121. Qlycooen as dononstrated in the frog seminiferous 
tubules following tho PAS technique. Compare to Figure 122. 
(xl50). 
Flcure 122. PAS reaction following treatment of frog testis rdth 
salivary aoylaso prior to staining. (xl50). 
Ficure 123. Schlff-reactlve droplets on frog sponnatlds. (x90 
objective and x7.5 ocular). 

Fic^ire 12li. Glycogen aa denonstrated in the connective tisnvio 
3hoath which aoparatos the testis of the bluenill fish into 
lobules. PAS technique. (x90 objective and x7.5 ocular). 
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